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By PAUL J. KIEFER, Professor of Mechanical and Marine Engineer- 
ing, United States Navy Postgraduate School 

MILTON C. STUART, Professor of Experimental Mechanical Engi- 
neering, Lehigh University 

An exceptionally sound and teachable book which, while rigid and con- 

ventional in principle, is distinctive and in a sense non-conventional in 

method. At the end of each chapter will be found a brief summary 

which serves to emphasize the more important items discussed. Review 

questions and topics are also provided for each chapter, thus giving the 

student ample opportunity to test his knowledge of the ground covered. 


545 pages 6x9 $4.50 
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ENGINES 


by J. A. POLSON, Professor of Steam Engi- 
neering, University of Illinois 
he material in this book has been skilfully ar- 
nged for junior or senior students of mechan- 
tal engineering. For the sake of clarity the 
to cycle is treated first and then the Diesel 
yele. In both cases the cycle is described and 
lustrated before the theoretical development 
taken up. 


’5 pages 6x9 $5.00 


John Wiley 


MACHINERY 


By C. D. ALBERT ann F. S. ROGERS, 
Both Professors of Machine Design, Sibley 
School of Mechanical Engineering, Cornell 
University 

This book presupposes a course in engineering 

mechanics. Since kinematics is primarily an 

plication and graphical extension of the laws 
of otion of a particle, a valuable review of these 
fundamental laws from mechanics is given in 
the first chapter. Each topic throughout the 
book has been treated thoroughly and concisely. 


527 pages 6x9 $4.50 


& Sons, Inc. 
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In THE Past TEN Years the number 
of Bell telephone calls made daily 
in this country has doubled. 

The American people do not 
double their use of anything unless 
it returns a dollar’s worth of value 
for each dollar spent. 

A telephone in your home costs 
only a few cents a day. Yet it brings 
to your service the use of billions 
of dollars’ worth of property and 
the efforts of hundreds of thou- 
sands of skilled workers. Fair pay 
to the workers and a modest profit 
on this property is all you pay for. 
There are no speculative profits in 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY 


the Bell System. Everyone, from 
the president down, works for sal- 
ary and pride of achievement. 

More than six hundred thousand 
people are shareholders of the 
American Telephone and Tele- 
graph Company. There are share- 
holders in every state of the Union. 
About half of them are women. 
One out of five is a telephone em- 
ployee. But no one owns as much 
as one per cent of the stock. 

The Bell System, in the best 
sense of the word, is a democracy 
in industry . . . operated in the best 
interests of the people who use it. 
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OREGON STATE COLLEGE 
By LAWRENCE F. WOOSTER 
Professor of Applied Electricity 


The Pacific Northwest is noted for its beautiful scenery, its 
equable climate, and its vast timber resources. There are other 
characteristics of this section, however, which are equally worthy 
of note were they more generally known. Settled at a compara- 
tively recent date, largely by emigrants from the more densely 
populated eastern and central portions of the United States, this 
group of States has attracted the pioneers, those hardy individuals 
able and willing to undergo hardships for the sake of a home in 
beautiful surroundings. 

This is the spirit which moved the early settlers along the At- 
lantic Seaboard. In fact nowhere in the United States can be 
found a population more homogeneous, more typically Anglo-Saxon 
than in the State of Oregon. A population of this kind believes in 
education, not only primary and secondary education for the young, 
but also, higher edueation for the adult. The strength of this 
belief in education may be guaged by the very low percentage of 
illiteracy for the state. ‘‘Of the entire population over ten years of 
age, of Oregon, only 2.9 per cent are unable to read and write as 
compared with 11.9 percent for the United States as a whole.’’ * 
Further evidence is given by the number of college students per 
10,000 population in Oregon public institutions. In 1928 Oregon 
had 112 such students per 10,000 population while the number for 
the United States was only 49 per 10,000.t 

Of the publie institutions of higher education in Oregon, the 
State College, located in Corvallis, Oregon, is the largest. Situated 
as it is in the most fertile valley in the State, and in the section 
having the greatest concentration of population, it is conveniently 
accessible to more than two-thirds of the people in the State. 

The College was taken over by the State in 1868 and designated 
as the Land Grant college of the State. Previous to that time it 
had funetioned as a private institution giving all grades of work 
from primary to academic. It was projected in 1856, incorporated 
in 1858, passed under control of the Methodist Episcopal Church 
South in 1865, was permanently adopted ‘‘ As the agricultural Col- 

*<*Survey of Public Higher Education in Oregon,’’ U. S. Department of 
the Interior Office of Education, Bul. (1931) No. 8, page 9. 

t Ibid., page 36. 
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in 1870, and was released from all 


semblance of control by the chureh in 1885. 
During the summer of 1887 the corner stone of the present 


Administration Building was laid. 


This building was erected by 
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PLAN oF Campus, OrzGon STaTE COLLEGE 


the citizens of Benton County to meet, in part, the conditions im- 
posed by the legislature when it ratified and confirmed the ‘‘per- 
manent location of the State Agricultural College at Corvallis, in 


Benton County.’’ * 
campus has been developed. 


* General Catalogue, Oregon State Agricultural College, 


With this building as a nucleus the present 


1931-32, page 84. 





















de 
ter 
an 


1 all 


sent 
| by 





OREGON STATE COLLEGE 439 


The college has passed through many vicissitudes during its 
existance and has been designated by various names. It is a far 
ery from the three bachelors degrees granted in 1870 to the 486 
degrees conferred in June, 1930, from the faculty of five in 1884 
to the present teaching staff numbering more than three hundred. 
Throughout its career as a state institution the college has been 
dominated by the ideals which were responsible for the legislation 
which granted it aid from the Federal Government, the Morrill 
Act of 1862, and the subsequent enactments which have increased 
that aid. 

The sponsors of the Morrill Act believed in vocational educa- 
tion, in the application of science to the practical pursuits of life. 
They believed that there is an inherent culture in practical subjects 
not less valuable than that in impractical subjects. They believed 
that a directed education, one with a definite objective, is of 
greater value than one less purposeful. It was under the stimulus 
of such ideals that our system of Land Grant Colleges developed. 
Oregon State College has become one of the outstanding members 
of this group of institutions. 

The three divisions which characterize the land grant colleges 
throughout the country, Resident Instruction, Research, and Ex- 
tension, are all exemplified in the Oregon State College program. 
Resident Instruction, which is probably of greatest importance, is 
conducted in ten degree-granting schools and departments. These 
are: (1) The School of Agriculture, (2) The Department of 
Chemical Engineering, (3) The School of Commerce, (4) The 
School of Engineering and Mechanic Arts, (5) The School of 
Forestry, (6) The School of Home Economies, (7) The Department 
of Military Science and Tacties, (8) The School of Mines, (9) The 
School of Pharmacy, (10) The School of Vocational Education. 
The under-graduate work in these schools or departments leads to 
the degree of Bachelor of Science. In all except the Department 
of Military Science and Tactics, graduate work is offered leading 
to the degree of Master of Science. In addition, there are many 
service departments in which no degrees are granted. Some of 
these departments are organized under The School of Basie Arts 
and Sciences or the School of Health and Physical Education. 
Other departments are Industrial Journalism, Library Practice, 
and Music. In all, there are some sixty-four departments offering 
resident instruction. 

Graduate study and research may be carried on in any of the 
degree-granting divisions of the College. Provision is made for ex- 
tensive organized research in the Agricultural Experiment Station, 
and the Engineering Experiment Station. Both independent and 
cooperative investigations are made in the experiments stations and 
numerous bulletins have been issued. 
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There is an organized extension service covering lectures, demon- 
strations, conferences, extension schools, correspondence study, 
publications, radio broadeasting, and visual instruction. 

In order to care properly for the varied activities of the college 
‘its physical plant has expanded with the increase in enrollment. 
From one building and thirty-five acres of land in 1889 the prop- 
erty owned by the college has increased to more than forty build- 
ings and 555 acres of land in, or immediately adjacent to Corvallis. 
Other large tracts in the close vicinity are owned by the college 
and used for special purposes. In addition, the college operates 
under lease large areas near the campus and others for the various 
experiment stations. In all some six thousand acres are owned 
or leased by the college for its work. 

The college buildings are of substantial construction, com- 
modious, and well adapted to their various purposes. Most of 
them are built of brick and terra cotta although a few are of stone 
construction. They are plain, rather than ornate, in architecture 
but the lack of ornamentation rather adds to their dignity. Many 
of them are covered with vines and surrounded by shrubs which 
make them harmonize with and fit into their surroundings. 
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MEMORIAL UNION 
Headquarters of June Meeting 


The Memorial Union Building, which is to be the headquarters 
for delegates to the Annual Meeting of the S. P. E. E. which is to 
be held in Corvallis, June 29, 30, July 1, is probably the most im- 
posing building on the campus. It was constructed in 1928 from 
funds subscribed by students, alumni, faculty members, and other 
friends of the college as a memorial to the men and women of 
the institution who gave their lives in service to their country dur- 
ing the Spanish-American and World Wars. Vying in interest 
with the Memorial Union Building is the Men’s Dormitory Build- 
ing, also erected in 1928. It consists of five independent units and 
affords accommodations for 344 students. 
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The engineering buildings will naturally be of great interest to 
members of the society. These buildings are closely grouped in 
the area north of the east quadrangle. Of this group, Apperson 
Hall is the oldest. It was erected in 1898 of sandstone. In 1920 a 
third story was added and the interior was remodeled. It houses 
the electrical and civil engineering offices, classrooms, and Jabora- 
tories together with the offices of the Dean of the School of Engi- 
neering. Directly west of Apperson Hall lie the Mechanie Arts 
Buildings housing the various shops. West of the Mechanie Arts 





ENGINEERING LABORATORY 


Buildings is located the Engineering Laboratory. This is built of 
brick and concrete and is about 220 feet long by 63 feet wide. It 
is three stories in height and contains the materials laboratory, the 
hydraulics laboratory, and a steam and gas engine laboratory. In 
addition to offices, recitation rooms and drafting rooms, there are 
special laboratories for highway materials, fuel and oil testing, 
metallography and automotive work. South of the Engineering 
Laboratory is the Mines Building and adjacent to that the Physics 
Building. 

No deseription of Oregon State College would be complete 
without a few words about the man who has done more than any- 
one else to make the college nationally known. William Jasper 
Kerr, D.Se., LL.D., came to the College as its President in 1907. 
He came with a firm belief in the land grant colleges and their 
ideals. His unlimited energy, his devotion to his work, his re- 
markable executive ability, combined with his high personal ideals 
make him the outstanding figure in the history of the institution. 
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In the twenty-four vears since he came he has built up an institu- 
tion accredited by the Association of American Universities, the 
American Association of University Women, the Northwest Asso- 
ciation of Secondary and Higher Schools, and other authoritative 
rating organizations. 

The Dean of the School of Engineering and Mechanie Arts, 
and Director of the Engineering Experiment Station is Harry 
Stanly Rogers. He came to the campus in 1920 in the Civil Engi- 
neering department and was made Dean and Director in 1927. 
His work in the Civil Engineering Department made him familiar 
with the needs of the School of Engineering and under his direction 
the School has developed greatly. Dean Rogers is an executive 
and a scholar. He is well known to members of the S. P. E. E. 
through his writings and his committee work. 

This résumé is too brief to cover adequately the activities of 
Oregon State College but it may help to acquaint the members of 
the society with the institution which is to entertain the delegates 
to the Annual Meeting in June. 
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SESSIONS OF THE SUMMER SCHOOL FOR ENGINEERING 
TEACHERS FOR 1932 


By H. P. HAMMOND 


Director of Summer Schools 


Arrangements have been made for two sessions of the Society’s 
Summer School to be held during the coming summer. One of these 
will be devoted to economics and will be held at Stevens Institute 
of Technology, Hoboken, N. J., beginning about July 5. The 
other will be for teachers of English and will be held at The Ohio 
State University, Columbus, Ohio, beginning about July 11. 

The two sessions of 1932 mark something of a departure 
from past sessions of the summer school in the subjects selected. 
Heretofore sessions have been devoted to portions of the eurricu- 
lum very closely related to the major fields of engineering prac- 
tice. The sessions of 1932 are to deal with subjects of a more gen- 
eral nature, commonly included among the liberal or cultural 
divisions of the eurriculum. Both of the 1932 sessions, however, 
deal with subjects of great and fundamental importance in engi- 
neering education. 

The program of the session on economics is to be divided into 
two major portions. One will relate to the organization, content 
and teaching of courses in economics for engineering students. 
Such courses include the general, first course in economics, courses 
in engineering economies, and certain auxiliary courses, such as ac- 
counting. Attention will also be devoted, though to a minor extent, 
due to time limitations, to management and industrial personnel 
practices and to industrial engineering. The second major portion 
of the program will comprise a series of lectures on economic topics. 
This portion of the program is intended to cover the basic elements 
of economic theory and practice which are of fundamental impor- 
tance in the training of engineers. 

The staff of the economies session will be headed by President 
Harvey N. Davis, as Director, and James Creese, Vice-President of 
Stevens Institute, as Secretary. Professor William D. Ennis, of 
the Stevens Institute faculty, will serve as Chairman of the Teach- 
ing Staff. 

The program of the economies session will be such as to be of 
value to teachers of general economics, teachers of engineering 
economies, teachers of industrial engineering and engineering ad- 
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ministration, and to teachers of engineering subjects who deal with 
economic problems in their courses. 

The program of the session on English will be divided into 
four major parts. Part I will relate to methods of teaching in gen- 
eral. Part II, the major portion of the program, will deal with the 
organization, content and teaching of courses in English for engi- 
neering students. Part III will comprise miscellaneous items re- 
lating to the teaching of English and to the work of the English 
staff in the engineering college, including such items as student pub- 
lications, the engineering college library, and coédrdination of in- 
struction in English with that in other subjects. Part IV will 
deal with the uses of English by engineers in practice and will 
also comprise lectures by noted writers outside of the field of engi- 
neering. 

The staff of the English session will be headed by Miss Sada 
A. Harbarger, Chairman of the Scciety’s Committee on English, 
and will inelude not only teachers of English to engineering stu- 
dents, but college administrative officers and prominent teachers of 
Xnelish in institutions other than engineering colleges. 

Stevens Institute and The Ohio State University provide ex- 
cellent facilities for the two sessions of the school. Both locations 
are such as to be accessible to teachers from many institutions. 

Applications to attend the sessions should be addressed to the 
Director of Summer Schools, Society for the Promotion of Engi- 
neering Education, 99 Livingston Street, Brooklyn, N. Y. Such 
applications may be simply in the form of a letter stating the 
desire of the teacher to attend, and giving his academic title and 
the institution with which he is connected. The registration fee 
for the sessions will be $10, as in the past. Living expenses will 
be approximately $45 for the duration of the sessions, which will 
be about three weeks. 

The sessions of 1932 have been made possible by a contribution of 
funds from the Carnegie Corporation of New York. 
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GREETINGS FOR THE NEW YEAR—AND HOPE. 1932 * 


By M. E. COOLEY 


Ann Arbor, Mich. 


Waat Has Scrence DonE FOR THE WorLD IN THIRTY YEARS? 


It has made a new world—a world undreamed of a century 
back; nay, half a century back. College faculties fifty years ago 
were ardently debating the relative worth of the Classics and the 
Sciences in the curriculum. Outdistanced at first, the Sciences 
gradually gained, drew alongside and finally passed, winning the 
race. But it took many years for the waters to calm. And now 
they are troubled again. The Sciences then as major subjects in 
the college curriculum may be said to date back to the last decade 
of the 19th Century, and to have taken the place of the Classies in 
relative importance since 1900. 

No longer do classical myths rule the world. No longer do the 
imaginative tales of the Arabian Nights and Jules Verne stand 
alone in their fascination of youth. The marvelous creations of 
science have far outstripped them, and have demonstrated with 
greater emphasis than ever that ‘‘truth is stranger than fiction.’’ 
With the record of thirty years as a backsight, who would venture 
a foresight that does not at least admit the possibility of even 
greater achievement? And yet, so intimate a part of our daily 
lives have these marvels become, the world. takes them for granted. 
Right here is the justification, if any be needed, for such publica- 
tions as Popular Mechanics Magazine. Through them the dis- 
coveries and the highly technical language of the scientist are 
made understandable to the layman—to him who has benefited 
without knowing why, and only imperfectly how. 

Among some of the peoples of the earth these prodigies of 
science would still be considered the work of Genii—of good and 
evil Genii, depending on their voodoos, their idols, their religions. 
Today they are the work of genii (as we use the word genius) who 
personify the old Genii. And they are still to be classed as good 
and evil, depending, not on personal reaction—bias—but on the 
wisdom of those who look at things in proper perspective, as from 
the hilltop. But why only those from the hilltop? For the reason 
so aptly expressed in the bull: ‘‘One cannot see the woods for the 
trees.’’ 

* Reprinted from Popular Mechanics Magazine. 
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In our stressing of the physical sciences the philosophical have 
been neglected—forgotten. That is to say, there is little or no 
mental control of the stimulation to which people subject them- 
selves. As in the use of opiates excess breeds catastrophe, so with 
the things that contribute to ease, luxury, and softness. There is 
a let-down in both moral and physical fibre. How great it is may 
be judged by comparing men and women of today with their fore- 
bears of colonial times. As shown by the vital records of the 17th 
and 18th centuries, mental and physical vigor at eighty and even 
ninety years of age was surprisingly common. The growth of our 
cities is due to a desire, often imagined, to replace hardship with 
ease and luxury. Genghis Kahn conquered all of Asia and a large 
part of Europe by keeping his armies in the country with their 
bellies close to the ground. Cities fell before their might as caged 
animals before wild beasts. 

What does all this mean? Look back 8,000 years and note that 
there have been no less than five civilizations before ours; that they 
have succeeded each other with frightful certainty ; that the dura- 
tion of the shortest was about 1,000 years, and of the longest 1,650, 
the average being a little less than 1,300. Note further that the 
present civilization started after the Fall of the Roman Empire, 
450 a.p., and is now nearly 1,500 years old. The successive phases 
in all civilizations have been the same; a dark age merging into a 
renaissance marked at its summit by art as expressed in sculpture, 
followed by painting, literature, mechanics and wars, to the final 
phase, wealth. Then has come the end. One of the fundamental 
reasons for the decline and fall of civilizations is the ease, luxury, 
and softness that come with wealth. In no civilizations have there 
been so many things to contribute to these fatalities as in the 
present. And why? Need one answer with all the evidences round 
about us? And what a tragedy! 

Aye, tragedy lies in the fact that in our time and with our 
knowledge and intelligence such a recurrence is possible. Not only 
could our civilization be the best ever known, it also could endure 
indefinitely if only we would profit by the knowledge the past 
affords and make use of the one force no other civilization ever 
possessed, viz., education—edueation of the masses. Shall educa- 
tion fail? If so, one reason will be its deficiencies—deficiencies 
that have come about through specialization—the very specializa- 
tion that has enabled the creation of the marvelous age in which we 
live. 

In the past the classics were emphasized. Now it is the physical 
sciences. Neither extreme has served well. A middle course then 
must be taken. The first necessity is for subjects dealing with 
things in life common to all; that teach the why of things, rather 
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than the how; that teach of the heavens and the earth, and the 
things of the earth—inanimate and animate, including the peoples 
of the earth, their motives which govern and the consequences that 
follow; in short, subjects that teach development of character, 
preparation for life, for citizenship in new forms of government, 
still in their infancy, and which in our case, due to science, is no 
longer isolated but is one nation among many. After such a train- 
ing in our schools and colleges, specialization may begin. It of 
course means a longer period of training. But we, the richest 
nation on earth, can afford it. Nor need it be so much longer if 
we start, as we should, in the home—in the cradle. 

What has science done for the world in thirty years? 

It has reénacted the réle of Prometheus and stolen new fires 
from heaven. And now Pandora waits with her Box containing 
the human ills and the blessings of the gods—and Hope. 














REPORT OF CONFERENCE OF INSTITUTIONAL MEMBERS, 
JUNE 18, 1931 


Vice President C. Francis Harding, Chairman 


SELECTION AND ADMISSION OF APPLICANTS FOR 
ENTRANCE TO ENGINEERING COLLEGES 


By W. H. TIMBIE 


Massachusetts Institute of Technology 


The first volume of the report of the Board of Investigation and 
Coérdination showed that more than fifty per cent of the high 
school students chose whether or not they would go into engineering 
before they entered the senior class in high school. The information 
upon which these pupils choose their profession and their college is 
most meager. Usually the first teacher with whom they come into 
contact close enough to talk things over is the physies teacher. 
They meet him in the laboratory where relations are freer and more 
intimate than in the class room, and in the course of talking over the 
result of some experiment they naturally get to consulting him 
about further work in physies and allied subjects, especially those 
subjects containing laboratory work. The advice and information 
given out by these physics teachers, I believe, have a great influence 
upon the student’s choice of college and profession. 

Who are the physics teachers in most of our high schools? 
There is hardly an engineer among them. They are practically all 
graduates of colleges of Liberal Arts. They cannot give the student 
a real picture of the engineering field because they are not familiar 
with it. Most of them think that an engineer is a sort of a glorified 
mechanic; so if a boy has built a radio set, or fixed up his father’s 
doorbell, or shows mechanical ability, the physics teacher is likely 
to advise him to become an engineer; while on the other hand, if a 
student has exhibited leadership qualities, has a keen analytical 
mind, and is interested and curious about the reason for things, he 
is likely to be advised to go to some Arts college for liberal education 
or to some business college. Now as a matter of fact the successful 
engineer of the present day is a man of the latter type rather than 
of the former. He is a director of the work of others rather than a 
clever mechanic who makes things for himself. The fact that the 
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freshman class indicates that the courses in our engineering colleges 
are set up for the training of the intellectually alert students rather 
than for the manually minded who are coming to us in such large 
numbers. The high school pupils of the country ought to know 
these facts. 

One of the greatest problems of the present time is how to get 
such facts before the juniors and seniors in the high schools, before 
the present teachers, principals and vocational guiders, and before 
those who are going to be the future teachers in the high schools. 
We do not want propaganda just to get more pupils into engineering, 
but we do want to get the facts before the better pupils. We want 
every boy, when he makes his decision as to whether or not he will 
go into engineering, to make that decision upon facts and not upon 
what the ice man or the postman told him. A start has been made 
in this direction. Dean Barker has just introduced into the 
Teachers College of Columbia University a course called ‘A 
Survey of the Engineering Field.”’ This course will be made up of a 
series of lectures on the different engineering fields and will be 
given by well-known engineers. This will bring the information 
before a small but important group of the high-school physics 
teachers of the future. 

An effort will be made to reach the present high school teachers, 
principals and vocational guiders through the various Sections of the 
American Institute of Electrical Engineers. The plan is to have the 
Sections coéperate with local boards of education and if possible to 
hold one educational meeting each year, especially for the purpose of 
interesting the local teachers in the problem of getting facts on 
engineering before the high school pupil. 

Of course many members of the staffs of the engineering schools 
each year are asked to address the boys in high schools, but these 
talks are always open to the suspicion of being propaganda for a 
particular school, and the boys listen more or less with their fingers 
crossed. I believe that while this work will probably have to be 
done by members of the teaching staff, a much more effective 
medium will be Section meetings of the various engineering societies 
where the teacher will be representing a profession rather than a 
college or university. 

One of the best plans that I have seen for getting this kind of 
information into the hands of high school boys is a little booklet 
gotten out by Professor Scott of Yale. Of course its prime purpose 
is to attract the right kind of students to Yale, but the information 
in this booklet is reliable and is put together in excellent shape, and 
it must be having a good influence on electrical engineering in 
general. The Committee on Student Branches of the American 
Institute of Electrical Engineers has prepared a booklet on electrical 
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engineering which has been set up in such a form that it can be 
sent out as a separate pamphlet, or it may be combined with similar 
information on the other branches of engineering to form a small 
book on the engineering profession in general. The Engineering 
Foundation already has a committee at work on this project. 

Finally, Stevens Institute and Columbia University are coéper- 
ating in conducting a summer camp for junior and senior high school 
boys. They give these boys some surveying and other elementary 
courses in science. The boys are given lectures by some of the 
foremost engineers in the country. Each boy is questioned and 
studied carefully concerning his aptitudes and abilities. Sufficient 
time is devoted to play and recreation to keep the boys happy 
and normal. This plan ought to afford one of the best means to 
get the facts before the students and to study the student’s reaction 
to the information. 

I believe that when every boy entering an engineering school has 
found out early in his preparatory-school career what the oppor- 
tunities are for a man with engineering training, what type of man is 
most likely to succeed, and just what preparation he must make in 
high school and in college, when every freshman has these facts | 
believe that our appalling 60 per cent mortality will be materially 
reduced. It is particularly encouraging that the engineering 
profession in general is beginning to realize the size and importance 
of this problem and is already taking steps to solve it. 


F, DER. FURMAN 


Stevens Institute of Technology 


Previous to September 1930, some of the students who were 
dropped from Stevens because of low scholarship were able to gain 
admission to other schools of engineering,. and in not a few cases 
these students made a good record after getting off to a new start. 

In September 1930 not a single student who had been dropped 
the previous June was able to gain admission to another engineering 
school of good standing. Having in mind the good records of some 
of the previously dropped students in a new environment, I was 
confronted with a situation that presented itself as follows: Here is a 
young man, often of excellent character, good personality, and with 
evidence discernible at least to the Dean, of good native ability, 
who because of new surroundings, new “friendships” that may work 
ill as well as good, has allowed himself to fail in his academic work in 
his first start, and as a result is practically forever barred from 
securing an engineering education. I know there are some who say, 
‘“Well he had his chance.” Most institutions probably give a 
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second chance to some ofthe dropped students to repeat the year 
or to continue on a modified course, but there are those students 
who desire to make their new start elsewhere, and there are also 
those whom the Dean believes it will help to have their second start 
elsewhere in a new environment. Even if the lad has had “his 
chance,” the question persists, is it right and just for those of us 
who have the reins in our hands practically to debar certain ones of 
those who have failed with us, from obtaining a new start. 

I believe that every Dean, every administration committee, or 
every faculty that acts directly will feel that among those who are 
dropped, there are a few who are the victims of poor youthful 
judgment, and yet who have given evidence in one way or another 
that they could successfully do the work of an engineering course and 
become desirable alumni in cases where a transfer seems desirable. 

I have brought up this subject not so much that I wish to push 
it in any definite direction at this time, but rather to obtain a 
reaction of those in the teaching profession who may wish to express 
themselves on this phase of our engineering educational work. 

Nor do I wish to leave the matter without presenting constructive 
measures that have occurred to me on this subject. The first 
suggestion perhaps, may not appear to be constructive, but in view 
of the fact that a situation has developed in a natural way, that is, 
without anybody steering it, it may be the wise thing to do to deny 
admission to any of our engineering schools of any student who has 
failed in another school regardless of what the conditions may be. 
The second suggestion is that it would be only just and right, in 
carrying on the responsibilities that we as teachers cannot escape, 
to consider some means whereby a recommendation on the part of 
one dean to another, or one faculty committee to another, in the 
cases of a very limited number of failed students, would serve to 
give the student who wishes to transfer at least an even chance in 
presenting himself to a new institution for admission. 


O. M. LELAND 


University of Minnesota 


The idea of standardization has always been received somewhat 
coldly in this Society. Each institution desires to be free to carry 
out its own ideals in its own way without being compelled to follow 
any rules laid down by other institutions or by any society. While 
this is true regarding the selection and admission of students as well 
as in other phases of our work, it must be admitted that we approach 
nearer to uniform standards in this respect than in others. In the 
United States, engineering schools are so closely related to the public 
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school systems in the various states that admission in the great ma- 
jority of cases is possible on the basis of certification from the pre- 
paratory school, although a few engineering schools require exami- 
nations of some kind for admission. 

This system leads to a degree of uniformity in entrance require- 
ments throughout the country, although there are many variations. 
In mathematics, for example, most of the engineering schools 
require one and one half years of algebra and one and one half 
years of plane and solid geometry, a total of three years of mathe- 
matics for admission, although in many instances special arrange- 
ments are made by which students may be admitted without 
advanced algebra or solid geometry, subject to their removing this 
deficiency while in college and without credit. A relatively small 
number of engineering schools, however, require three and one half or 
four years of high school mathematics including trigonometry and 
additional algebra, perhaps. Nevertheless, the general practice is 
to set three years as the requirement for admission in that subject. 
This practice is so widespread as to constitute a ‘‘standard.” 

In general, we may state that our standard of admission consists 
in graduation from high school with the usually accepted high 
school subjects, although considerable latitude is permitted in the 
selection of some of these subjects. Notwithstanding, therefore, 
the variation in the methods of admission, that is by certificate, by 
examination, or by a combination of both, the subject requirements 
for admission are fairly well standardized in this country. 

When we consider the question of selecting students for admis- 
sion, however, we face an entirely different situation. While the 
subject requirements and graduation from high school may be 
considered as a selective process, its very general uniformity leads us 
to regard it as basic and somewhat automatic in character, so that 
when we think of the selection of students for admission we have in 
mind a special process by which the individual ability and character 
of each student who has met the minimum requirements will be 
investigated in order that only the better and more promising 
candidates may be admitted. In this sense, there are comparatively 
few engineering schools in this country which really select their 
students for admission. 

In order that a process of selection may be effective, it must 
include one or more of several principles. For example, it must be 
assumed that certain applicants will be refused admission even 
though they satisfy the nominal requirements. The number of 
students to be admitted may be limited to a certain figure. In 
such a case, it is customary to utilize some method of selection to 
determine which students are most likely to succeed in their college 
work and be able to continue through to graduation. Even without 
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the limitation as to numbers, such a selection may be made from all 
of those who apply for admission and the less promising ones may be 
refused entrance. 

In general, there are two bases for selection, namely, the record 
made by the student in high school and the tests which we ourselves 
conduct for the purpose. On the basis of the high school records, 
students may be refused admission whose records do not place them 
in a stated upper portion of their high school classes, such as, for 
example, the upper half. This method has the advantage of ease of 
operation and also that it is determined entirely by the performance 
of the student over a period of several years and so is not dependent 
upon a few special examinations which may be taken under stress. 
The method is sometimes criticized, however, in that it may not 
reveal the student of considerable ability who has not been required 
to exert himself in high school and has not done the high grade of 
work of which he was capable. The reply to this criticism is made 
that if an able student has been careless in high school and has, 
therefore, received low grades he is not a good prospect for success in 
college where his easy habits may persist. 

The selection of students for admission by means of entrance 
examinations has in its favor the strength of tradition for it is the 
method which has been used from times immemorial. It must be 
admitted also that the method is sound in principle. On the other 
hand, it is by no means infallible and sometimes leads to abuses 
which are difficult to avoid. Coaching or cramming for entrance 
examinations may or may not be a wholesome practice. Subjecting 
students to a rigid test of short duration places emphasis upon their 
selfcontrol and ability to apply their mental faculties effectively 
under stress. 

A combination of these two methods has been used for several 
years at the University of Minnesota for investigating the ability of 
students who have entered or who are about to enter the University. 
Students in the high schools are given a series of psychological and 
other objective tests in the spring just before graduation. The 
average of the grades received in these tests on a percentile basis is 
called the ‘‘college ability test, percentile.” The mean of this 
figure and the student’s percentile rank in his high school class is 
called the “college ability rating,’’ which is thus a combination of 
the student’s high school record and his grade in the special college 
ability tests. It has been found that this college ability rating has a 
high predictive value, and might quite appropriately be utilized in 
selecting students for admission if such a selective process were 
adopted. 

The necessity of applying a method of selecting students for 
admission according to their ability has not arisen at many engi- 
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neering schools. Where adopted, it has usually resulted from an 
endeavor to raise the quality of students rather than to limit the 
numbers. However, the number of engineering students in the 
United States has been increasing very rapidly in recent years and 
in many of our universities, the physical facilities have been seriously 
taxed to accommodate the increasing numbers of students. It is 
certain that if this increase continues many institutions will be 
forced to adopt a limitation on the numbers of students and, 
therefore, a process for selecting the most capable among the 
applicants for admission. Even if our facilities are increased to 
correspond to the increased enrolments, we shall find it necessary to 
select students on the basis of ability in order that we may apply our 
educational efforts more efficiently and with a lower mortality 
among our students. It may be necessary for us to examine our 
requirements for admission with the idea of reducing the number of 
students who come to us to such a number as we think we can in- 
struct satisfactorily with the facilities and funds at our disposal. 
It may not be entirely a question of what our standards ought to be 
nor a question of what we think industry demands of our product. 
It is very difficult to determine these things but actually we all wish 
to improve our instruction and the quality of our graduates. To do 
this, we must give special attention to the selection of the material 
from which our product is developed. We can hardly expect so 
effective a selection that we will not have failures in our classes, 
but we can hope that in setting up standards and methods we may 
approximate as nearly as possible to the ideal condition of obtaining 
students who are satisfactory, so that we may give them a fair 
opportunity for educational training and that the number of failures 
will be reasonably small. 


C. G. THATCHER 


Swarthmore College 


INTRODUCTION 


I represent a college with a very small engineering group, 
where every student is handpicked, and therefore much that I have 
to say may not apply to the vast majority of engineering schools and 
colleges. The ideals, I think, are the same in most cases, but the 
methods employed must, of course, be different in different insti- 
tutions. 

AIMS 


A study of the 8. P. E. E. report of the investigation of engi- 
neering education shows that a large percentage of our engineering 
graduates, about 30 per cent to be exact, do not follow the training 
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they received in college, and about 15 per cent were not in engi- 
neering work at all. This in itself is not surprising, but it is a well- 
known fact that engineering education has often been used as a 
good training for general business, or something other than technical 
engineering. I can see no objection to this provided it does not 
lower the quality and bring down the standards of our work. Our 
standards and quality should be high and should be based on the 
requirements of professional Engineers. I believe that in engi- 
neering, they have been uniformly higher than in most undergraduate 
work, but as the standards and quality of undergraduate work in 
general are being raised, our standards should go up correspondingly. 
I think this is particularly true because we are giving a professional 
training usually in four years from the time of graduation from high 
school, whereas the best training in law and medicine is requiring 
six to eight years. With only four years we must have good men to 
work with, and we must insist upon a high standard of scholarship. 


SELECTION 


The question is how to get the right kind of men into our 
engineering schools. In many institutions selection is made ac- 
cording to the standing of the applicant in his high school class, as 
for example, whether he is in the first quarter, or the first third. I 
do not think that this is an infallible method or even a very good one. 
Undoubtedly the student should have done well in his mathematics 
and science courses, and preferably in English and the languages too. 
If a generality could be made here concerning the languages | 
think it would be that most engineering students do not like 
language studies and do correspondingly inferior work in them. 
It is my experience and belief that prospective engineering students 
are usually not of the type who work equally hard and consci- 
entiously on every subject. In other words, they are not champion 
mark getters. To offset this they should be endowed with a large 
portion of common horse-sense. I believe that the secondary 
school grades should be studied with discrimination, not merely aver- 
aged. Furthermore, whenever possible, more should be found out 
about a boy than simply his high school scholastic record, and this 
is where the small college dealing with small groups of men, should 
have an advantage. We ought to interview personally these boys, 
find out what they are interested in, whether they are of a manly type, 
what sort of physical characteristics they have, and of what qualities 
of leadership they seem to be capable. This isalarge order. I be- 
lieve a great deal along this line can be accomplished if the right man 
or men are put in charge of admissions. I believe that an engineer 
should have a sound body as well as a first-class mind, and that pref- 
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erably he should be the type of man who can do things with his hands. 
The experience of doing things with his hands will give him confidence 
and some insight into the knowledge which the craftsman has. 

All kinds of men are needed—research-sales requiring different 
characteristics—several qualities—mental, physical, personal—they 
can’t all be good in all of these. 





CONCLUSIONS 


We need good men. The word good as used here does not 
necessarily mean the boy who has all A’s in high school. It means 
the boy well above the average in mentality, who gives promise of 
doing even better work as he gets into subjects which are more 
interesting to him, and it means the boy of personality and character. 

The putting into practice of the ideas of selection which I have 
mentioned would undoubtedly mean smaller numbers in our 
engineering schools. This we should be prepared to face. The 
smaller numbers, however, should be accompanied by smaller 
numbers of eliminations. I think that the turning out of large 
numbers of graduates in engineering, as has been happening in the 
past two decades over the country, might well be a subject of 
concern to the profession. Are we helping the profession by 
turning out so many? Would it not be better if we turned out 
fewer but better prepared men? This is a question worthy of some 
thought. 


H. H. Armsby, Missouri School of Mines: We have heard 
discussions here this afternoon on the admission machinery of 
engineering colleges. Dean Leland spoke of the desirability, or 
rather the need, of reducing the number of entering students 
because, due to economic reasons, the colleges are not able to take 
care of those now registering. 

It seems to me there is a much more serious consideration than 
this, and that is the effect on the boys who come to engineering 
schools without the proper preparation and who do not ‘“‘make 
good.”’ It seems to me that the loss to them is more serious than 
the loss to the institutions. If we could find some way of predicting 
in advance who can benefit by an engineering education and who 
cannot, I think we would do a world of good not only to the insti- 
tutions but more particularly to the boys. 

One method of attempting to ascertain the ability of applicants 
is by means of various sorts of examinations, including placement 
examinations. This Society, through its Board of Investigation 
and Coérdination, recommended some years ago that the member 
institutions conduct a trial administration of the Iowa placement 
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examination, and the institution I represent was one of those which 
accepted this challenge and started the trial. 

The correlations have been uniformly good, I think, where these 
examinations have been tried. Correlations with first semester 
grades have always been quite satisfactory. We were not satisfied, 
however, with following these freshmen through one semester. 
In the fall of 1925, when we started this examination program, I 
conceived the idea of following these students through not one 
semester but four years, to see how the examinations predicted their 
success in college as a whole; to see how the examinations would 
prophesy. That work has been followed up every year since then, 
and of course three of those classes have now graduated, the classes 
of 1929, 1930 and 1931. 

I was working this summer on a paper embodying the records of 
these three classes. The Director found what I had last Sunday 
morning and he said, ‘“‘ You go to Purdue and present that instead of 
my presentation,’ so that is why I am here. 

I want to explain just as briefly as I can the data I have on this 
table. I want to apologize for its incompleteness. I had _ not 
expected to finish this paper for at least another month. This is a 
preliminary report. 

The students took examinations in chemistry, English and 
mathematics. The scores were converted into numerical grades by 
simply calling those in the upper quarter of the class 2, or S on our 
grade scale; those in the middle half, 1; and those in the lower 
quarter, O. This is purely an arbitrary scale and of course not 
very highly mathematical. These grades were then averaged for 
each student and the figures in the second column of this table 
represent the average grade made on these three placement exami- 
nations, the class being divided into seven groups according to these 
averages. The third column on the table shows the number of 
students in each group, and the fourth column shows the same 
number reduced to a percentage of the whole. 

In the top group, then, the 9 per cent are those who were in the 
upper quarter of the class in all of their placement examinations; 
and the bottom group, the 13 per cent, group No. 7, are those who 
were in the lower quarter of their class in all examinations. 

I have followed those men through eight semesters, keeping for 
each man his record at the end of each semester, and the reason for 
leaving when I could ascertain it. I have made no exceptions 
whatever for particular cases. One man, for instance, started out 
in the top group. In his first year he had almost as many grade 
points as he needed for graduation. He had to leave school on 
account of financial difficulties. In my record he simply stops at the 
end of his second semester. The fact that he came back later and 
30 
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graduated with high honors does not enter into the study. This 
is exactly what happened to this group of men while they stayed 
in college; no explanations whatever being attempted. 

It shows that in group No. 1, 54 per cent of those entering 
graduated; that 30 per cent graduated with honors; that 9 per cent 
were dropped for failure. Down in the bottom group, 2 per cent 
graduated, none of them received honors—there were no honors 
below the fourth group—and 68 per cent of that bottom group 
failed. The average for all three classes combined was 25 per cent 
graduated, 6 per cent with honors, and 30 per cent failed. 

The next column shows the percentage of work passed, that is, 
the amount of work a man passed divided by what he tried to pass, 
and the next column is weighted average grades. That is on a 
grade point scale. Our grades carry weights of three, two, one, 
zero, and minus one, so that three is the highest possible grade. 
The next column shows the percentage of the group who had no 
failures, but passed every subject they tried. 

You will notice in all those columns the steady decrease; the 
very large difference between the top group and the bottom group; 
the large gaps between groups one and two and between groups six 
and seven. 

It occurred to me that perhaps we could find some one numerical 
index that would express all these relationships, and that is what I 
believe I have in the last column. I wanted an index that would 
show quantity and quality, so I took the product of two fractions, 
the first being credit hours passed divided by graduation require- 
ments, and the second fraction the average grade earned divided 
by the average grade required for graduation. The product of 
those two fractions is what I call the ‘Scholastic Index”’ in the last 
column. This index reduces, by a process of simple algebra, to 
grade points divided by 120, an extremely simple thing to compute 
and apparently quite a significant figure. 

The figures in that last column are shown graphically. This 
formula, by the way, makes graduation requirement unity. Unity 
on this vertical scale is graduation requirements both as to hours and 
average grade. Notice that group No. 1 on the right is much above 
graduation requirement and much above the rest of the class, and 
that group No. 7 on the left is almost at the vanishing point. In 
other words, they had only .09 of graduation requirements in that 
seventh group. The other columns of the table could be plotted 
and similar graphs obtained. 

Evidently, from the looks of that graph, we have the class 
divided into three groups: a very small, very superior group at the 
top; another small, very inferior group on the bottom; and a large 
group in the middle that is not very sharply differentiated. I 
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think that is all any such test could be expected to do, and I believe 
these tests do sort out these groups. 

The bottom part of this tabulation, under the word “Re- 
capitulation”’ divides the class into these three groups. I have put 
groups two to six inclusive together in the middle line. The whole 
story seems to be expressed over in the lower right hand corner of 
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this table under the heading of “Chances.” A man in the top 
group, according to these figures, has one chance in two of gradu- 
ating; in the bottom group, one chance in fifty; in the middle group, 
one chance in five. To graduate with honors, the group 1 man has 
one chance in three; the middle group one chance in thirty-three, 
and in the bottom group no chance at all. To be dropped for 
failure, one chance in eleven in the top group; one chance in three 
in the bottom group. To pass all the work he tries, two chances in 
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three for the high group, down to one chance in twelve for the bottom 
group. 

It seems that this method of picking out men can be considered 
as pretty reliable. If we had dropped that low group on admission 
on the basis of this placement examination average, we would have 
lost one graduate in three years, and he is not a particularly good 
man. He is one of those who “just scraped by.” 

These examinations, of course, as you know, do not pretend to 
be ‘‘general intelligence tests” or “‘ psychological tests.”” They are 
simply designed to test a man’s preparation for and ability in some 
one subject: chemistry, english, or mathematics. But the combi- 
nation of them seem to constitute a pretty reliable general intelli- 
gence test, and I think offers an excellent chance for engineering 
schools to reduce their mortality by early eliminations. 

I understand Iowa is considering the plan of having these tests 
administered in high schools to men who are thinking of attending 
college, and I believe Purdue plans next year to put men in what 
approximately corresponds to what I call group 7 on probation 
when they enter. 

Of course the tests are not infallible. Individual errors will be 
made, but I believe these Iowa placement tests give us a very 
excellent line on the superior man and the inferior man, and they at 
least demonstrate very clearly to my mind that a comprehensive 
entrance examination can be made. 











ORIENTATION OF NEW STUDENTS 





By H. 8. ROGERS 


Oregon State College 


The administrative methods of courses and programs for the 
orientation of new students depends quite naturally upon the nature 
and services of such courses and programs. Concerted attempts to 
orient new students have been made through the programs of 
freshman week and through courses especially designed for the 
purpose. No discussion of administrative methods would be 
complete without a discussion of freshman week. 

There is no uniformity in the organization and management of 
the freshman week program. In general, however, its adminis- 
tration is under some institutional officer, such as one responsible 
for admissions. The better freshman week programs provide for 
the introduction of the student to the institution and its ways and 
permit him to meet the faculty members and become acquainted 
with the campus and his new surroundings before the confusion of 
fall athletic programs and fraternity rushing begins upon the 
campus. ‘Freshman Week” also gives the institution opportunity 
to attend to many details in connection with the induction of new 
students into the routine of college life, which might otherwise 
retard the beginning of class work. During this period, various 
tests such as the psychological and placement tests are given and the 
scores may be made prior to the beginning of class work so that 
sections may be organized and counsel may be provided for those 
who need educational adjustment. 

The program of freshman week requires a close codrdination 
between psychological and placement testing and the educational 
counsel provided by the personnel system of the engineering school. 
The administration of and orderly arrangement of these functions 
at present is provided in a great variety of methods. The important 

thing, however, is that the service be thoroughly and expediciously 
despatched. 

Administration of orientation courses has likewise been estab- 
lished in a variety of forms. The word orientation as a descriptive 
adjective has been used very indefinitely. Courses which have 
been designated as orientation courses are (1) broad informational 
courses describing the field of engineering and the work of engineers, 
(2) lecture courses describing the integral unity of engineering 
462 
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curricula and the types_of engineering training, (3) problem courses 
for an appreciation of and development of the rigorous, analytical 
methods of engineering thought and the exacting methods of 
engineering expression in mathematical and graphical forms, and (4) 
courses in which the purposes have been to combine any or all of the 
former three objectives. 

The variety of orientation courses is a result of their origins. 
Some have been initiated by individual major departments, others 
by some administrative officer, such as the junior dean or dean, 
and still others have been developed and organized by committees 
of the engineering faculty. The initiation of each course has quite 
generally determined its subsequent administration as well as its 
nature. Courses initiated by the deans have frequently been broad 
informational courses upon the field of engineering and the work 
of engineers as related to the economic functions of industry, 
transportation, communication, and construction. These have at 
times been assigned to some professor of the engineering school and 
have been prescribed in all engineering curricula regardless of their 
common or differentiated nature in the freshman year. Their value 
and service are limited to less than some of the other forms. 

Courses administered by individual departments are found in 
those institutions which do not have a common freshman curriculum. 
They are usually designed to introduce the student to the work of 
the particular curriculum in which he is registered and to give him an 
appreciation of the rigor and exactitude of engineering thought and 
of symbolic and graphical expressions. Such courses are quite 
naturally limited in their service as orientation courses by the 
accepted position of the department to confine itself to its own 
field, and therefore, have little value as general orientation programs 
or vocational try-outs. In cases where the course, however, is 
administered by a separate department of general engineering, 
responsible for the work of the freshman year, the condition is 
entirely different. 

Where orientation courses are included in the common freshman 
year program, they are administered either by committees selected 
from the major departments or by the general engineering depart- 
ment. Each form of organization and administration has some 
advantages. The committee organization may leave the courses 
with a changing staff or under weak leadership. Such conditions, 
however, depend upon the responsibility for the courses exercised 
by the dean. 

At Oregon State College a committee organization which has 
taken the form of a general engineering department has proved very 
satisfactory. The courses of the freshman year have been combined 
in a department of general engineering which is administered by : 
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committee selected from the major departments of civil, electrical, 
and mechanical engineering and which is directed by the chairman 
of this committee who is designated as the supervisor of general 
engineering and operates essentially as a department head. The 
organization is necessarily related to the nature of the orientation 
course. The course includes one lecture a week for the description 
of the work of the engineer and two computation periods of two 
hours duration for training in engineering discipline and an intro- 
duction to the differentiated fields of electrical, mechanical, and 
civil engineering. The advantages of the organization are that it 
maintains the viewpoint of the major departments in related 
problem work as well as in descriptive lectures and that it provides 
leadership and coérdination of instruction. Each member of the 
committee has some professional outlet in his major field to keep his 
engineering interest alive and each is intensely interested in edu- 
cation as a professional field. 

Courses administered by a general engineering department may 
be very similar to those administered by a committee and it is 
conceivable that they may have more positive leadership and 
permanency of staff than the committee form. Their success or 
merit cannot be considered apart from the objectives of the ori- 
entation course. Where these are to provide descriptive lectures 
covering the entire field of engineering, such departments take the 
leadership in providing speakers before the freshman group and 
operate in the same manner as a committee. When the objectives 
include an introduction to the various fields of engineering through 
specific problems, the work suffers by a separation from the differ- 
entiated major departments. 

Both the committee and the general engineering department 
forms of administration are limited and conditioned by the major 
departments included in the engineering school. If, for example, 
the engineering school includes civil, electrical, mechanical, and 
industrial engineering it is not probable that the orientation course 
will include information upon chemical and mining engineering and 
its organization and administration need not include men from the 
staffs of these departments or trained in these fields. If, on the 
other hand, an orientation course is to be provided for all freshman 
engineers who might be free to select subsequently a differentiated 
training in civil, chemical, electrical, mechanical, and mining 
engineering the course would require organization upon a somewhat 
different plan. Every organization of orientation course will, 
therefore, undoubtedly be adjusted to meet the nature and outline of 
ach engineering school and to provide the services needed by 
students as they are conditioned by the selection of work in that 
particular school. No orientation course and no form of adminis- 
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tration can, however, be wholly successful unless it has the interest 
and whole-hearted support of the faculty and dean of the engi- 
neering school. 


H. H. JORDAN 


University of Illinois 


All orientation programs in engineering colleges and schools 
should have, of course, the primary objective of helping the new 
student, who has chosen engineering with very little accurate 
knowledge of its requirements, to determine first of all whether he 
has cast his lot in the right field of endeavor, from the professional 
point of view, and, second, whether he has selected the right 
subdivision of that field. We believe the program of orientation, 
whatever it may be, should stimulate the student to find out for 
himself at as early a moment as possible whether his supposed 
interest in engineering is rooted in productive soil or is only a 
figment of the imagination, much as were his childhood dreams of 
great adventure and of big things he would do when he became a 
man. All of us have witnessed this spectacle of,changing opinion 
and decision on the part of these young college people regarding 
their life work, in both college and pre-college days, with solicitous 
concern and a sincere desire to be of aid in making the final decision 
a happy one. When the student is reasonably certain that his 
choice of a career has been correctly made, then do we have a 
powerful stimulus to high scholastic performance. And after all, 
the immediate objective of any plan of orientation of first year 
students should be high scholastic achievement as well as mental 
adjustment to the engineering method of securing results. Perhaps 
we should emphasize also the opposite effect of programs that 
confuse the student and place him in a position of uncertainty and 
indecision. This was one of the faults of some of the early plans of 
orientation or vocational guidance, as they were called. 

A recent analysis by the writer of the various programs of 
orientation for first year students in a selected group of more than 
fifty colleges and schools of engineering over the United States and 
Canada shows that in the main one or the other of two schemes is 
used to accomplish the purposes of guidance and stimulation. One 
we shall call the informational plan; the other the methods plan. 
Both assume an initial interest in engineering on the part of the new 
student, however created and of whatever degree of intensity and 
soundness of foundation. Each takes it for granted that the new 
student is impatient to go directly to the heart of his engineering 
training and, therefore, is not stimulated much when he finds 
himself burdened with rigorous programs of study in mathematics, 
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English, chemistry, geometry, and the like. One finds little in 
either type of program intended simply to orient the student to 
college life. The emphasis always is, as it should be, on the engineer, 
his methods, and his accomplishments. If the student once 
becomes truly possessed with the urge to become great in the 
profession of engineering, it is then comparatively easy to convince 
him of the necessity and desirability of rigorous programs of study 
and mental disciplines. The selection of a special field of engi- 
neering also becomes comparatively easy since the final choice may 
be delayed until the second or even the third year of his course. 
The informational type of program provides the student early in 

his course with a fairly comprehensive view of engineering as a 
whole. The weekly assembly is the vehicle used to convey the 
desired information and inspiration to the student. More than 
half the engineering schools use this type of program, either in 
conjunction with other means of approach to the students’ interest 
or by itself alone. Programs vary from five one-hour assemblies in 
the first semester at one institution to One period each week for two 
semesters at several others. An effective program in one mid-west 
institution is that of general informational lectures once a week the 
first semester followed for a part of the second semester by depart- 
mentalized instruction in the particular field in which the student 
thinks his final choice will lie. 

Although the topics presented at the assemblies are varied ir 
character in the different institutions and the discourses are couched 
in more or less non-technical language, the accumulated effect is 
that of a broad survey of the fields of engineering practice and the 
educational and personal requirements for success in them. Trips 
of inspection, laboratory demonstrations and exercises, moving and 
talking pictures, and other devices are used to supplement the more 
formal lectures. Some clever plans of administration have been 
devised. The work involved is not a heavy tax on the time and 
energies of the instructional staff. The results as reported by the 
institutions in the group surveyed have been uniformly satisfactory, 
with one or two exceptions. 

The methods type of orientation program seeks to give the new 
student not only some idea of the scope of the various branches of 
engineering but also to develop in him habits of analysis and 
methods of procedure that the engineer must have to be successful 
in his chosen field. The vehicle of presentation is the ‘problems 
course,” so called, generally carrying one or two hours of credit 
toward the degree. Professional and scholastic stimuli are obtained 
through contact with the engineering type of problem and through 
learning and using engineering methods and analyses in solving 
them. Personal efficiency is emphasized. Such courses are, of 
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sourse, formal in character. They constitute a considerable tax on 
the time and energies of the instructional staff. In some schools a 
special group of instructors are assigned to the job for a good deal of 
their time. Institutions using this plan total a few more than half 
of those using the informational type, but the number seems to be 
increasing. The list includes the Oregon State Agricultural College, 
Purdue University, Penn State College, and others. 

A considerable number of the institutions included in our survey 
do not have orientation programs of any form. In this group which 
constitutes about 30 per cent of the total are the Canadian Schools 
which do not feel the need of orientation programs because of the 
more closely controlled methods of admission and further because of 
the fact that specialization of curricula occurs mostly in the last 
year of college. The point of view of institutions having no formal 
programs of orientation is summed up perhaps in the words of a 
spokesman of one of them; he says, ‘‘It is my experience that young 
people are told to shape their future toward some definite goal. An 
explanation of the changeability in living conditions might be of 
greater value. By this means they would not arbitrarily decide to 
do things in certain ways but would constantly investigate their 
surroundings and themselves, changing their methods of attack and 
conduct to suit the circumstances.” 

In most institutions there is found some sort of a faculty advisory 
system working in conjunction with or separate from any orientation 
program. In one large engineering school each student is told that a 
certain designated professor stands ready to advise with him at any 
time during his freshman year. Little attention is paid to this 
arrangement, however, by the students, they preferring to get what 
advice they think they need from the executive offices. In another 
large school the freshmen are called singly for a friendly interview 
with a designated engineering professor who is assigned a limited 
number of students. Later the junior dean holds a similar interview 
with each student, and again in the same term the student sees his 
original adviser. In addition to these arranged for contacts, the 
student may at his leisure interview other designated instructors 
who have volunteered to conduct conferences. This systematic 
personal advisory plan is carried on in addition to the weekly 
assemblies and a thorough going Freshman Week program. 

The University of Michigan has probably developed the personal 
advisory plan of orientation farther than most institutions in what 
is called the Mentor system. Space does not permit of an adequate 
description of the plan, but suffice it to point out that the engi- 
neering student is as well looked after as an individual in this large 
institution as he could possibly be in any small institution. A 
mentor is appointed for a group of from ten to twenty students, and 
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he gives his personal attention to the problems of each member of 
the group throughout the freshman year, often keeping up the 
contact for the entire four years of the student’s residence at Michi- 
gan. The head mentor takes care of the problems of organization 
and coérdination of the efforts of the staff assigned to the work. 

Another adjunct to the orientation procedure which has come 
into quite general use during the last five to ten years has been the 
Freshman Week, so called. Much of the procedure, however, has 
been based on the idea of orientation to college life rather than on 
any notion of professional and curricula differentiation. Never- 
theless, several engineering schools have seized the opportunity of 
developing quite elaborate programs of orientation of their own to 
which subsequent activities are tied. How far the effects of these 
programs may be carried over into real helpfulness to the student in 
choosing his life work is debatable. A great deal of furore and 
social doings often accompany the more serious work of these 
programs, thus detracting from any real effort to adjust the student 
to his problem of the accomplishment of a hard task. 

In institutions located in industrial centers, there is a tendency to 
attempt correlation of the orientation work with bi-weekly trips to 
industrial plants. The plan as carried out at the University of 
Southern California and described in the January JouURNAL, is 
typical. 

The administration of intelligence and aptitude tests appears 
to be on the increase. This comes about primarily because of 
increasing activity on the part of Departments of Psychology which 
carry on the work as a general university program of experi- 
mentation. Testing has been stimulated also by the American 
Council on Education which has devised and printed general 
intelligence tests and made them available to institutions at small 
cost. The Iowa placement, training, and aptitude tests in special 
subjects such as language, chemistry, and mathematics are used 
quite extensively. Other tests of local origin are administered as 
supplements to those mentioned for specific purposes. 

A conservative statement of the status of tests and testing as far 
as engineering schools are concerned would be that the experimental 
stage has not been passed. Test results are used in some schools to 
section students on the basis of general ability and previous prepa- 
ration. In thirteen schools they form an integral part of the 
admission system. Most schools report, however, that they con- 
sider them simply indicative of certain possibilities but not of 
sufficient reliability to warrant their use as a substitute for high 
school records in determining whether a student should take an 
engineering course or not. 
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THE FIRST TWO YEARS VS. THE LAST TWO YEARS 
IN THE ENGINEERING SCHOOLS 


By F. V. LARKIN 
Lehigh University 


In the autumn of 1927, approximately 24,000 young men entered 
engineering courses in the colleges of this country. Of that number 
approximately one-third have or will have engineering degrees this 
spring. Within another two years an additional one-sixth will have 
college degrees, engineering or otherwise. One-third of the original 
group guessed right the first time. Two-thirds of them were 
inaccurate in their estimate for one reason or another. The yield is 
low—much too low. 

We were aware of our contribution to this low yield at Lehigh ten 
years ago. At that time we began a series of studies designed to 
improve the situation. The conclusions of these studies were set 
forth in a paper before this body at its spring meeting at Iowa City 
in 1926.* To review briefly, these conclusions may be grouped 
under two headings; first those which brought our curricula and 
degrees into line with what we considered the best practice in 
engineering education, and second those of a pioneering nature. 
The first group of conclusions fixed our engineering curricula at 
18 credit hours per semester established an uniform freshman year, 
changed the degree awarded from the professional degree in engi- 
neering to the Bachelor of Science degree, prescribed the division of 
work 30 per cent pure science, 50 per cent applied science and 20 
per cent nontechnical, provided for the Master’s degree for the 
completion of one year of graduate work and fixed the requirements 
for the Professional degree as five years of satisfactory work with an 
adequate thesis, all quite in line with current standards. Those 
conclusions of a pioneering nature comprised engineering conference 
throughout the first two years, an adviser system, a comprehensive 
examination at the end of the Sophomore year, and a certificate of 
completion to students who had finished all of the work of the first 
two years and who dropped out at that time for any reason— 
providing—to repeat, they had finished all of the work of the first 
two years. 

The Engineering Conference for freshmen—a one hour period per 
week comprising lectures by department heads, has been without 

*S. P. E. E., Proceedings, Feb. 1927. 
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doubt a successful undertaking. The freshman engineering students 
are divided into as many sections as there are engineering depart- 
ments and sent in turn to each. Here they learn something of the 
staff and facilities of the department and something of the require- 
ments and scope of the profession as a whole. 

Near the end of the freshman year students specify their choice 
of curricula and are classified accordingly. As sophomores, the 
engineering conference takes the form of an orientation period in 
connection with the basic work of the curriculum, supplementing a 
laboratory or drawing room course. It has proved to be a very 
effective measure. 

The adviser system, doubtless worth while, has failed, in most 
cases to establish itself as that intimate effective spontaneous 
meeting place where confidences may be exchanged and worth while 
direction given. 

The call for certificates of completion on retirement at the end 
of the sophomore year on completion of ali of the work of the first 
two years has been absolutely nil. Students do not want to retire. 
Those who find it necessary to withdraw, in our case, do not have 
completed the necessary work to make them eligible for the certifi- 
cate. I believe we have never had but one request for such a 
certificate, and that by a student dropped for disciplinary reasons 
and ineligible for that reason. 

This brings us to the Comprehensive Examination at the end of 
the sophomore year which we have given to our qualified sophomores 
ach spring for the last five years. Two of these comprehensive 
examinations have been made up and given by the four service 
departments, mathematics, physics, chemistry and drawing. They 
were searching fundamental examinations on the work of the first 
two years in these subjects. They were given at the close of the 
regular examination period in June. In two cases we have used for 
these comprehensive examinations the Carnegie examinations which 
have been under experimental development in Pennsylvania. This 
year we have materially changed the type and scope of the exami- 
nation as well as the time of giving it as will be detailed later. 

Until this year, our regulations have been such that men making 
unsatisfactory records in the comprehensive examination were not 
permitted to continue in junior engineering subjects. This has led 
in some cases to the retirement of students who have not failed a 
single course, but whose records have been uniformly just at the 
passing point. It has likewise led to the changing from engineering 
curricula to Arts or Business by a group of men not particularly 
more qualified for such work than for engineering. It has in some 
cases led to the transfer to other institutions of men, denied per- 
mission to continue in engineering, but who persist in their determi- 
nation to complete an engineering course. 
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As a result of this operation over a period of four years, our 
engineering curricula have been pretty thoroughly, perhaps some- 
what ruthlessly purged of the lower grade, slower type of engineering 
students. At the same time our registration in engineering has 
enjoyed a slow steady growth, and the quality of work by the 
students has shown a healthy improvement. 

As teachers, you all know the difficulties which beset an experi- 
ment in educational process which departs from the traditional 
route. Last autumn our experiment was called upon to justify its 
continuance when a committee of the Engineering Council recom- 
mended to that body that the comprehensive examinations be 
abolished. While the report was not adopted, it presented an 
effective challenge to the proponents of the experiment to review 
and to justify the operation of the experiment as it had been 
operated over a period of four years. Accordingly a reviewing 
committee was appointed. 

In its report, this committee noted changes in academic pro- 
cedure evolved since the inauguration of the comprehensive exami- 
nation in 1927, which contribute to making unnecessary any further 
instrument of elimination from the University. Some of these 
changes in procedure are covered by placement examinations for 
freshmen, the strengthening of entrance requirements, changes in 
the probation rule and revision of the progress rules. They frankly 
made the statement that the Comprehensive Examination for 
Sophomore Engineering students had not yet been made, and 
probably can not soon be made by itself alone, an adequate instru- 
ment for the elimination of weak students from engineering curricula. 
They did specify five major functions for the Comprehensive 
Examination which are quoted as follows: 


First—It can give to each director of an engineering curriculum 
essential additional information on the performance of all 
sophomores electing his particular curriculum. 

Second—It ean bring about a higher degree of codrdination between 
the so-called ‘“‘service departments” and the several technical 
departments. 

Third—It can provide a vehicle for the introduction of an adviser 
system not yet fully developed. 

Fourth—It can keep Lehigh in touch with the current studies in 
examinations of this type now being projected under the 
subsidy of educational foundations. 

Fifth—It can serve to continue our contribution to the study of 
engineering education so splendidly endorsed by the Wickenden 

Committee in its report at Washington several years ago. 
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On this basis the Committee recommended and the Faculty 
approved the continuance of the Comprehensive Examination for 
Sophomore Engineering students as follows: 

1. Examination to be given on the last Monday in April in 
order to make available time for a careful study of performance 
before the close of the college year. Examination to be taken by 
all students who have acquired second semester sophomore standing 
at the time of the examination. Examination to occupy one day 
8-12 a.m., 2:00 to 5:00 p.m. The morning examination to be made 
up of eighty questions in the fields of chemistry, mathematics and 
physics, formulated by the eight different engineering departments 
and approved by the three service departments. The afternoon 
examination to be made up and given by the various departments 
to the students electing that particular curriculum. All questions 
to be graded by the staff submitting them. Grades to be numerical 
rather than percentiles. Each technical department to study in 
conference Comprehensive Examination grades, class grades and 
individual estimates of the work and abilities of students and 
report recommendations to the Committee on Standing of Students. 
These reports to the Committee on Standing of Students, may 
suggest official advisory action with respect to withdrawal from 
engineering, a change to another curriculum in engineering, or 
possibly a special roster such as a five year program. 

As a means of making up the general morning examination each 
of the eight curricula was requested to turn in a list of questions 
designed to require an average of three minutes each for solution. 
These questions were reviewed by the Committee and forwarded 
to the respective service departments for comment. Many were 
eliminated, some changed and others suggested. in the process. 
From the revised lists each department selected ten questions to 
occupy thirty minutes of the student’s time. The summation of 
these lists made up eighty questions to which was devoted four 
hours in the morning examination. 

The afternoon part of the examination was conducted by the 
various departments in their own particular ways which ranged 
from problems, through general information tests to oral exami- 
nations before several instructors. Throughout the preparation of 
both morning and afternoon examinations there was exhibited a 
great deal of interest and a considerable ingenuity on the part of 
the various departmental staffs. For example the department of 
Psychology prepared a test of vocabulary and general information 
which several departments used as a part of the afternoon exami- 
nation. This test was beyond the range of all of the students, and 
most of the instructors, thereby furnishing an adurable spread in 
grades and at the same time, an adequate opportunity for the well 
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informed students to make manifest and record their abilities. 
Another department asked for choice of jobs after graduation, and 
choice of electives if such could be made available, and secured 
thereby an interesting insight in regard to the aspirations and 
ambitions of the group. 

One hundred and forty-three men took the examination. Their 
grades are exhibited on Chart 1. 
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Chart 2 shows averages of the various groups. 

Chart 3 shows relative size and range of various groups. 

Chart 4 shows relation between Comprehensive averages and 
semester averages of one group. 

Chart 5 shows relation between Comprehensive averages and 
psychological ratings. 

Chart 6 shows relation between semester averages and psycho- 
logical ratings. 

Chart 7 shows averages made by students on the questions of 
their own departments. 
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CHART 7 


Chart 8 shows a typical analysis of some of the questions. 


SAMPLE QuEsTION Ratrnc—10 Basis 














Question Top Decile Low Decile | Difference Rating 
Number | Average Average 
| 
51 8.3 2.5 5.8 Good. Large spread 
11 | . oa A eS | Too difficult 
Ss | te | 4.0 | 6.0 | Excellent 
17 5.3 | 4.6 .7 | Guess question 
34 10 9.3 | eg | Too easy 
32 4.0 2.7 1.3 | Poor. Small spread. Diff. 
| 





Features of a good question include: Large spread, common average about 6. 


Cnart 8 


CONCLUSIONS 

Our experience with Comprehensive Examinations for Sopho- 
more Engineering students based on. an experience of five years 
may be summed up fairly as follows: 

1. It is not a thoroughly established dependable single measure 
to be used at this time to control the progress of students. 

2. It is a good challenge to the students, who, after all, ap- 
parently appreciate the opportunity to measure their aptitudes and 
capabilities in the realm of their chosen work. 

3. It is a splendid thing for the teaching staffs of the various 
departments in that it facilitates a better coérdination of the work 
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of the various departments, brings about an interchange of ideas as 
to methods and policies and leads to a more sympathetic acquaint- 
ance with the aspirations, the ambitions, the capabilities of the 
students. 

4. It would seem to be a good thing for the engineering college, 
for the reason that students and their parents are apparently coming 
to believe that a genuine attempt is here being made to determine, 
as early as possible, the real economic justification of the students’ 
pursuit of an engineering course. 

5. It would seem to be justified from the standpoint of an 
experiment in engineering education. With ten thousand boys 
electing each yar to enter industry by the college route, it affords a 
splendid laboratory for the pursuit of a study of these principles of 
psychology which underlie success in any branch of engineering and 
which we at present know so little about. 

6. The conclusions made possible by this examination come just 
two years too late. 

7. Finally this experiment will have proved itself of inestimable 
value if it can be made to bring about such analysis of the boys 
entering college that each may start his work with a maximum of 
assurance that he is reasonably well equipped to meet the obligations 
which he assumed. It seems to me that by the time a boy finishes 
preparatory school he should have exhibited his whole range of 
aptitude and capability. It would likewise seem a not impossible 
task reasonably to predict the effectiveness of these qualities when 
directed to a specific field of endeavor. At any rate the laboratory 
is here, the raw material is here, the need for the establishment of 
laws is here. It is my opinion that the project merits continued 
investigation and support. 

Moved: That the Society for the Promotion of Engineering 
Education appoint a committee to study the project of a compre- 
hensive examination at the end of the sophomore year, and the 
problem of a comprehensive entrance examination; that this 
Committee codperate with the Codéperative Test Service, the 
Engineering Foundation, and other institutions or agencies who 
may become active in this field; and that this Committee be directed 
to report its findings and recommendations at the next annual 

meeting of the Society. 


F. C. BOLTON 
Agricultural & Mechanical College of Texas 


The rapid growth of the junior college movement in this country 
has brought very forcibly to the attention of the senior colleges the 
need for a careful consideration of the advantages and disadvantages 
of a divided form of college education. 
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I understand that the junior college idea has not yet taken root in 
some sections but with the support that it is receiving from the 
secondary school authorities it is spreading rapidly and apparently is 
destined to become nation-wide. To illustrate the growth by my 
own state, we now have in Texas some forty junior colleges and they 
enroll about thirty per cent of the freshmen who attend college each 
year. 

Our Texas junior colleges are of three types. One group 
consists of two junior colleges which have been created and sup- 
ported by the state primarily to give training in agriculture and in 
engineering. One of their purposes is to prepare four-year students 
for the junior year in the engineering colleges, while a distinctly 
separate objective is being provided for other groups which are 
spending two years in a more practical preparation for semi- 
technical or semi-administrative positions in industry. 

Six or seven years ago marked the beginning of the municipal 
junior college movement in Texas. This is a college supported by 
local taxes and fees, and is a part of the local school system. About 
half of our junior colleges are of this type, and it is the group which 
has developed most rapidly. 

The third type is composed largely of denominational institutions 
which, finding themselves unable to keep pace with the increasing 
requirements for recognition as standard colleges, have changed 
their status to that of junior colleges. 

Since these junior colleges are closely articulated with the local 
high schools they have the first opportunity to present their claims 
to the high school graduate. 

Regardless of our opinion of the plan, many prospective engi- 
neering students will attend the local junior college before entering 
the engineering college, and their assimilation when they reach us 
presents something of a problem. Most of our engineering curricula 
include mathematics, English, general chemistry, engineering 
drawing and descriptive geometry in the freshman year. With the 
exception of descriptive geometry and drawing, these are all 
subjects which might be offered to a liberal arts student, and it 
would appear that engineering students might be as well prepared in 
these subjects in a junior college or an arts college as in the insti- 
tution in which they are to study engineering. However, a study 
of the progress of a number of young men who have had their 
preparation in junior colleges has confirmed the correctness of two 

rather significant statements from the Society for the Promotion of 
Engineering Education report: 


1. “To be sound, an engineering education must be more than the 
mere sum of its parts; it must be conceived and planned as a 
whole,” and 
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“The coherent, integral structure of the engineering curriculum 
at its best, with its logical sequences running from beginning 
to end, drawing on many fields of knowledge, but pro- 
gressively bringing the student’s efforts to a focus in a well- 
defined realm, is probably its most distinctive merit.” 


Important as is emphasis on objective in teaching freshmen 
subjects to engineering students, objective gains still greater 
importance with regard to calculus, physics, and the other subjects 
usually included in the sophomore year. Mention has been made 
of two state-supported junior colleges, one of whose objectives is the 
preparation of young men for the junior year of engineering courses. 
Our experience with them is illuminating. When taken over by the 
state both of these institutions were already in operation as small 
arts colleges. So far as engineering students were concerned their 
curricula were immediately changed to correspond with the first two 
years of that of the engineering college, and in most cases they even 
used the same text books. Despite this, it soon became evident 
that students from the junior colleges could not keep up with those 
who had their freshman and sophomore years in the engineering 
college. Finally some teachers with engineering training were 
introduced into the junior college faculties whereupon a decided 
improvement in preparation of their students followed almost 
immediately. Apparently both faculty and students came to have 
a new viewpoint; mathematics and the sciences became a real part 
of the engineering course and attained a value as “‘tool-subjects” 
instead of being considered merely of cultural value. 

In a few of the other types of junior colleges similar results are to 
be noted. Students from those institutions where freshman and 
sophomore subjects are taught as preparation for engineering, and 
preferably by teachers with some knowledge of engineering education 
and its objectives, come to us better able to handle their engineering 
courses. Unfortunately, however, the engineering students in the 
smaller junior colleges must necessarily constitute a relatively small 
part of the total enrollment and it is difficult for them to finance the 
laboratories or the specialized instruction needed for the engineering 
students. Consequently they are apt to be grouped with art 
students and to get a type of instruction colored by the needs of the 
liberal arts student. 

Naturally, there will be a tendency for the junior college teachers 
to urge the high school students to take their first one or two years of 
college work in the local junior college. The advantages claimed 
for this plan need not enter this brief discussion, since we are con- 
sidering primarily the effect on the engineering college. Some of 
the more ambitious junior colleges want their graduates to receive 
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credit for two full years of the engineering courses. Few of their 
students are prepared to complete their courses in two years, 
though they can usually complete the liberal arts courses in that 
time. Pride in their own institutions often causes junior college 
authorities to encourage their students to change their objectives to 
courses which can be completed within the total of four years, and 
good engineering material is thus diverted into other channels. 

What is the solution? With some noticeable exceptions the 
average junior college, and I think the same is true of most small 
arts colleges, is not equipped or manned to prepare its students for 
admission to full junior standing. 

Most of their students must spend three more years in the 
engineering college to complete their courses. It is not merely a 
question of credit-hours, but in the engineering curricula the 
effective sequence of essential scientific and technical subjects makes 
it necessary. There must be a logical development, and many of 
the elements cannot be assimilated if undertaken coérdinately, but 
must come in proper sequence. The student who spends two years 
at the junior college and three at the engineering institution will 
have a broader contact with the conventional cultural subjects, 
and he need not feel that the extra time is wasted. From the 
standpoint of expense, the five years, two of which may be spent 
at or near home, will cost him little more than would four years 
spent away from home. We can point out these facts to the 
student, but in the final analysis it is largely a question of whether 
the student is willing to devote five years to his course in order to 
get the additional cultural subjects. 

If enough students take the junior college route, we may eventu- 
ally be forced to divide our engineering curriculum, even for those 
who do not attend junior colleges, into a two-year cultural and 
preparatory period followed by a three-year period of technical 
instruction. This does not seem desirable, but it may become the 
only alternative to a reduction of standards to permit completion of 
the divided course in the accustomed four years. Much will 
depend on the development of the junior colleges and the arts 
colleges and their aggressiveness in attracting engineering students 
and in insisting on their being graduated in the same time that is 
required for the student entering the engineering college direct 
from high school. Above all, we cannot afford to lower our stand- 
ards of attainment for engineering students. 


DIscUssION 
A. H. Lovell, University of Michigan: In regard to the first 
paper presented, as a state institution, the University of Michigan 
feels a very great need of close codperation with the secondary 
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institutions and, in addition to the very valuable aids mentioned by 
Professor Timbie, has appointed a committee of the engineering 
college as a coéperating committee with the high schools. That 
committee of four members, the head mentor of the freshman class, 
the head of the drawing department, the head of mathematics in 
the engineering college, and the assistant dean who is the admission 
officer, meets with the school masters and principals on about four 
occasions each year, at the time of their school masters’ gatherings 
and in special sessions on physics, mathematics and related topics. 
They strive to attain a complete understanding of the high school 
problem and coéperate closely with all phases of it. As a result of 
that, we have been very fortunate in placing engineering graduates in 
instruction in physics, mathematics and chemistry in the larger high 
schools. They act as technical advisers to students interested in 
engineering. 

With regard to the second paper, the applicant for admission 
who has been dismissed because of low scholarship, my own feeling 
is that no student should be thus permanently disbarred from 
further continuance of studies, but that he should be given a further 
chance, possibly one semester on probation after a year in industry 
and the presentation of a letter of recommendation from his 
employer, such reconsideration to be given either by his own 
institution or another of equal standing. 

With regard to the junior college problems and its relation to 
standards, Michigan may be more fortunately situated than some 
other states in that our junior colleges are in the large cities where 
lack of our orientation program in the university may be largely 
offset by the economic interest in the great utilities and industries 
which base the major portion of the city’s life. Men from such 
institutions join us in the junior year, almost fifty per cent of our 
enrollment being outside of our own freshman-sophomore classes. 
They maintain a very high standard of scholarship. One junior 
college has given us in some ten years only one man who failed to 
make an average grade of B. 

A. S. Langsdorf, Washington University: I want to relate an 
incident in connection with certain statistical studies which has a 
bearing on this matter of the admission of students and their later 
performance. Some three or four years ago we adopted the policy 
in our institution of admitting on certificate only those whose 
ratings from the high schools were upper or middle third, and those 
who came with certificates showing lowest third standing were 
required to take a rather comprehensive series of examinations 
covering English, a language test, algebra, plane and solid geometry, 
a general intelligence test, and any other four units of high school 
work that the applicant selected. Our experience has been that 
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less than half of those who take the examinations can be accepted, 
and we have accepted decidedly less than half of those who took 
those examinations. 

Studies were made at the end of the first semester on the basis 
of groups in terms of the schools from which they came. Our 
principal feeders are naturally certain high schools in our own 
vicinity, and the number from each school ranges from ten to twenty 
or twenty-five. We group those schools. There were about ten 
of those schools in the list we studied, and the analysis was made in 
this way: Our grading system is a literal one, A, B, C and D, A 
carrying three grade points, B two grade points, and C one grade 
point, and D zero grade point for our credit unit, with the require- 
ment that for graduation a student must have earned as many 
grade points as there are credit units in his course, meaning an 
average C. 

At the end of the first semester of this year, one school had for all 
of its freshmen an average of 1.79 grade points per credit unit, 
which is a very high standard. There were about twenty boys in 
that particular group and they ranged from 1.79 down to 1.27 for 
five of the St. Louis high schools. Certain of the larger schools in 
the suburban communities averaged 1.45 grade points per credit 
unit, whereas two schools in St. Louis, which are on the accredited 
list of the North Central Association, showed in one case .53 grade 
points per credit unit, and the other .45. All of the boys in that 
entire list, with the exception of about eight, were upper and middle 
third students according to their certificates. The inference is 
quite plain that in the case of those two schools which rated so very 
low, far below an average C, their estimate of what constitutes 
upper or middle third is decidedly different from that of the others. 

Therefore, we are faced with the problem of rating the high 
schools as well as of rating the students, and I do not know how we 
are going to do that if we continue to accept without question the 
estimates of such a body as the North Central Association. 

Chairman Harding: In considering the program for this session 
throughout the year, and the whole problem of the Institutional 
Members’ Conference for next year, it may be well to bear in mind, 
as you go back to your various institutions, the possibility of 
suggestion of these live questions during the year which the Insti- 
tutional members and delegates may take up to good advantage at 
the convention next year. It seems to me, that is the real function 
of this Institutional Conference: to make sure, in the first place, 
that we have the questions of interest; secondly, to bring to this 
Conference a wide variety of comments upon these questions 
prepared in advance. 


Note: The Chairman of the Institutional Division for 1931-32 is 
Dean H. H. Jordan, University of Illinois, Urbana, Ill. He will 
welcome your suggestions. 











a | 


be 


du 
so. 


wl 
is 

ca 
sti 
los 
W 
thi 
thi 
no 
les 
th 
ne 


Sel 
Se 





Jur 


wn 
ity 
ren 
in 


de 
re- 
hy 
an 











TEACHING THE CALCULUS * 


By EDWARD V. HUNTINGTON 


Professor of Mechanics, Harvard University 


INTRODUCTION 


In suggesting the following outline of the ‘course content” of 
a course in calculus, there are two main points which I wish to keep 
in mind: 

First, the extreme desirability of saving as much time as possible, 
and second, the distinction between the use of a theorem and the 
proof of it. 

First, the necessity for saving time can hardly be exaggerated. 
The curriculum is crowded; the students’ minds are besieged by a 
clamor of interests; we should avoid every minute of wasted time 
in our course in the calculus. On the other hand, haste is as bad 
as waste. We must give ample time for new ideas to sink in; we 
must not slur over important points of rigor; and a certain amount 
of repetition and review is essential. But if, without haste, and 
without loss of thoroughness, we can save a little time here and a 
little time there, every hour thus saved is of value. 

The second point which I wish to keep in mind is the distinction 
between the use of a theorem and the proof of it. 

Every mathematical theorem presents itself to the student in a 
dual capacity. It is something to be used in later work; and it is 
something to be proved by logical demonstration. . Neither of these 
two aspects should be ignored. On the one hand, every theorem 
which is worth including in the course at all is included because it 
is going to be used later, either in the course itself, or in the appli- 
cations that follow in later courses. On the other hand, to ask the 
student to take these theorems on faith, without any attempt at 
logical demonstration, is to turn our universities into trade schools. 
We must teach the student how to use the powerful theorems of 
the calculus, and also how to convince himself and others that these 
theorems are true. Whether we brand as hopelessly utilitarian the 
notion that the calculus is a “tool,’’ or whether we biand as hope- 
lessly highbrow the notion of ‘‘rigor”’ in mathematical proofs, both 
these aspects of the calculus are important to our students, and 
neither can be properly neglected. 


*Four lectures delivered before the Mathematics Session of the Summer 
School for Engineering Teachers, University of Minnesota, September 1 and 
September 2, 1931. 
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And let me say at once that when I speak of a course in the 
calculus, I am making no distinction between courses intended for 
students of engineering and courses intended for students of physics 
or chemistry or biology or mathematics itself. I have no sympathy 
whatever with the view that engineering students need only the 
tools without the rigor, nor have I any sympathy with the opposite 
view that students of pure mathematics are concerned only with 
rigor and not at all with the use of the tools. The student of engi- 
neering is precisely the one who needs all the background of “rigor” 
that he can get. He is precisely the one who may be called upon 
at any moment to apply the theorems of the calculus to new 
problems, and it is only through a thorough understanding of the 
scope and limitations of these theorems that he can learn to use 
them as safe tools under these unpredictable conditions. On the 
other hand, the student of pure mathematics is precisely the one 
who needs all the stimulus he can get through vital contacts with 
the actual uses of the theorems which he proves. Neither practical 
usefulness nor sound logic can safely be ignored in any university 
course in the calculus. 

Nevertheless, the distinction between the use of a theorem and 
the proof of the theorem is a real distinction, which provides, I 
believe, the key to the problem of how to save time in our calculus 
courses. It is a question of the sequence in which these two aspects 
are taken up. I believe that in many cases, the proof of a theorem 
should come after, rather than before, an extensive use of that 
theorem in practical applications. In many cases, it is only after 
the meaning of a theorem has become thoroughly familiar through 
a wide use of it that the proof of the theorem makes any impression 
whatever. And after the meaning of the theorem has become a 
genuine part of the student’s consciousness the proof of the theorem 
can often be given in half the time, and with twice the rigor. 

By putting use first and demonstration second—not in order of 
importance, but in order of sequence of time—I believe substantial 
saving of time can be effected, without loss of true mathematical 
perspective. 


Tue Concepts OF DIFFERENTIAL AND DERIVATIVE 


The first thing to do in any course in calculus is to get the 
student to form a clear concept of a derivative and a differential. 
These concepts are so closely related that there would seem to be a 
gain in clearness as well as a saving of time if they are introduced 
together, at the very outset of the course. 

The customary plan is to define only the derivative at the start, 
and postpone the differential till later in the course. This plan 
seems to me to violate an important principle of the learning 
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process. Professor F. T, Spaulding well puts it: “If students must 
eventually perform mathematical calculations according to a given 
technique, then in the long run time may be saved by requiring 
them to practice that technique from the outset, even though a 
different technique is easier to teach at the beginning.”” Now 
certainly the differential notation provides the technique that will 
be used exclusively after the course gets under way; why not then 
get used to this notation from the start, instead of wasting time 
developing a different technique which is to be abandoned in a few 
weeks? 

The main reason for the postponement of the differential is the 
traditional notion that the differential is a mysterious metaphysical 
entity that must be approached with fear and trembling. This 
fear is without basis of fact. The differential is no longer a mys- 
teriously small approximation to zero; it is just as finite, and just 
as easy to understand, as the derivative itself; in fact the differential 
and the derivative are logically as closely related as the two factors 
of a product. 

My recommendation would be, therefore, that both the deriva- 
tive and the differential be introduced on the very first day of the 
course. Let us see how such a plan would look in actual practice. 

The first illustration is the velocity of a falling 
body, as exhibited by an Atwood’s machine. If 70 T 
the weights are equal, and friction is neglected, the + + 
velocity, once started, will remain constant, being 
measured by “‘distance divided by time.”” Thus if T 
dt is any interval of time and ds the distance traveled T 
in that time, then v = ds/dt, no matter how large dt 
and ds may be. 

If the weights are made unequal by adding a 3 
thin disc to one of them, the heavier weight will T T T 
fall with increasing velocity, the positions at | 
t = 0, 1, 2, 3, 4, 5, --- being shown in the diagram. 

What is meant in this case by the velocity ‘‘at the 4s 

instant ¢ = 3’’? If As is the distance traveled in 
any interval dt just following t = 3, the quotient + + 
As/dt will depend on dt; it will give only the average + 
velocity during the interval dt, not anything which 
we could call the velocity ‘‘at’’ the beginning of the 








interval. 
To get around this difficulty, suppose a forked t + 
arm catches and removes the thin disc at the 


instant ¢ = 3. From this point on, the weight will 
move with constant velocity; and if ds denotes the 
distance now traveled in any interval dt following 
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t = 3, the quotient ds/dt will not depend on the size of dt. This 
quotient will be taken as the definition of the velocity at the in- 
stant? = 3. Here As = the true ircrement of s corresponding to 
any time interval dt, and ds = the “would-be” increment of s cor- 
responding to the same interval dt; that is, ds is the value which 
the increment As would have if the velocity suddenly became constant 
at the point in question. 

The quantity ds is called the differential of s corresponding to 
the given value of dt and the quantity ds/dt is called the derivative 
of s with respect to.t. 

All these quantities are finite and measurable. Nothing is said 
or implied about ‘‘successive approximations toward zero.” 

The second illustration is the slope of a curve, y = f(x). If the 
curve is a straight line, the slope is constant, being measured by 
“‘vertical rise divided by horizontal distance.’”’ Thus if dz is any 
horizontal increment given to z, and dy the corresponding vertical 
increment produced in y, then the slope = dy/dzx, no matter how 

large dx and dy may be. 
If the curve is not straight, what 


y= f(x) a is meant by the slope ‘“‘at a given 
point x = 3”? If Ay is the inere- 
dy ment in y produced by a given in- 





crement dz in 2, the quotient Ay/dz 
will depend on the size of dz; it will 
3 Ax x give only the average slope through 
the interval dz, not anything which 
we could call the slope “‘at’’ the be- 


ginning of the interval. 
~ To get around this difficulty, 
| 
4 











draw a tangent to the curve at the 

y point x = 3, and let dy be the dis- 

tance up to the tangent, as shown 

in the diagram.* Then the quotient 

dx dy/dx will not depend on the size of 

er ae x dx. This quotient will be taken as 

the definition of the slope at the point 
x= 3. 

Here Ay = the true increment in y, produced by any given 
increment dz, and dy = the ‘“would-be”’ increment in y, corre- 
sponding to the same increment dz; that is, dy is the value which Ay 
would have if the slope suddenly became constant at the point in question. 

The quantity dy is called the differential of y corresponding to 














* We are considering here only the case of a convex arc, and in this case the 
geometric definition of a tangent presents no difficulty to the student. 
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the given value of dx; and the quantity dy/dz is called the derivative 
of y with respect to z. 

Here again all these quantities are definite, measurable mag- 
nitudes. Nothing is said or implied about ‘‘approaching zero as a 
limit ”’ 

Having thus become acquainted with the meaning of the dif- 
ferential and the derivative, the next thing to do is plot a few 
empirical curves, and find, by actual measurement on the diagram, 
the numerical values of the quantities considered. 

Take, for example, the distance traveled by an automobile 
starting from rest, as a function of the time. 

Having selected an arbitrary value of the independent variable 
and an arbitrary value of the increment of the independent variable 
as the data of the problem, the student should measure on the 
diagram, (1) the value of the function; (2) the value of the increment 
of the function; (3) the value of the differential; and then compute 
(4) the value of the derivative, or slope, by division. 

It will be observed that in this fundamental graphical process, 
the order in which the two concepts present themselves is first the 
differential and then the derivative. I see no reason why this prac- 
tical order should not be regarded as the logical order as well. 

The units in which the various quantities are expressed should 
be carefully noted. For example, if s (and ds) are measured in 
miles, while t (and dt) are measured in hours, then the slope ds/dt, 
must be measured, of course, in miles per hour. (It is mportant 
to note that the ‘‘slope”’ of the curve is not equal to the “tangent 
of the angle”’ unless the scale of measurement is the same on the 
two axes. ) 

Good examples for graphical exercises are curves representing 
the following functions: Temperature as a function of the time 
(derivative measured in degrees per hour). Pressure of the atmos- 
phere as a function of the altitude (derivative measured in pounds- 
per-square-inch per foot). Quantity of a commodity sold, as a 
function of the price (derivative measured in yards or pounds per 
dollar). 

These graphical exercises would form the end of the first day’s 
work. All the quantities discussed are concrete, measurable, non- 
mysterious magnitudes. Nothing whatever is said about ‘limits”’ 
or ‘“‘infinitesimals,’’ or ‘‘successive approximations.’”’ These con- 
cepts will be important at a later stage, but they have no place in 
the first day’s work. 

If the function to be studied is given only by a curve, or by an 
empirical table, the graphical method is often the best, if not the 
only, method of finding the derivative—that is, the slope of the 
curve. Moreover, in such cases, the result, while only approx- 


32 








490 TEACHING THE CALCULUS 


imate, is usually as accurate as the nature of the data will 
allow. 

But if the function is given by a mathematical expression, we 
‘an of course do much better than that. The discoverers of the 
saleculus have provided us with certain “‘rules of differentiation” 
by which the derivative can be written down at once by inspection: 
and the result will always be mathematically exact. The next 
step in our program will obviously be to become familiar with these 
rules of differentiation as soon as possible. 


THE POLYNOMIAL 


Now the simplest function is the polynomial, y = A + Br 
+ Cx? + Dx? +--+. I should begin the second day, therefore, 
by stating, without proof, the rule for differentiating a polynomial, 
namely: dy = (B + 2Czx + 3Da? + ---)dz. 

Equipped with this rule, we can proceed at once to solve a 
multitude of problems in maxima and minima, which serve better 
than anything else to convince the student that here is a new tool 
which is mighty convenient to have at hand. 

The only theorem needed for this purpose is obvious from the 
figure. Suppose the independent variable increases to the right; 
then: If the derivative is positive at any point, the curve is rising at 
that point; and if the derivative is negative at any point, the curve is 
falling at that point. Hence, in hunting for a maximum or minimum, 
the only points worth examining are the points where the derivative 
is zero. 

If there are several points where the derivative is zero, it will 
practically always be easy to see, from the nature of the problem, 
or a rough sketch of the curve, which of these points (if any) cor- 
responds to a maximum, and which (if any) to a minimum. 

The wealth of practical problems which can be solved by finding 
the maximum and minimum points of a polynomial is familiar to 
all teachers of the calculus. 

The convenience of the differential notation is especially notice- 
able in cases involving a ‘“‘function of a function.”’ If differentials 
are used, no further theory is required for this case, beyond the 
fact that the rule for differentiating a polynomial y = P(x) holds 
good in all cases, whether or not x is the independent variable. 

For example, suppose y = 2+ 5a — 32? and x = 2t — 4?’; 
and suppose (for a given value of t) we wish to find dy in terms of 
dt. We have dy = (5 — 6x)dx and dz = (2 — 8t)dt; whence 

dy = (5 — 6x)(2 — 8t)dt. The student will be interested to prove 
that this result for dy is the same as would have been obtained by 
expressing y explicitly in terms of ¢ and then differentiating directly. 
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The special formula usually given for the derivative of a function 
of a function is not required, if the differential notation is employed 
from the start. 

Since the derivative of a polynomial is another polynomial of 
degree one less, it is natural to introduce at this stage the idea of 
the second derivative. If y’ = dy/dz is the first derivative, then 
y”’ = dy'/dx is the second derivative. If one consistently uses a 
separate letter for the first derivative, and avoids altogether the 
cumbersome notation d*y/dz*, no difficulty will be experienced in 
handling the second derivative. The usefulness of the second 
derivative in curve tracing is indicated by the following theorem, 
which is readily proved from the figure: 

If y”’ is positive at any point, the curve is concave upward at that 
point; if y’’ is negative at any point, the curve is concave downward at 
that point. 

From the point of view of kinematics, if v = ds/dt is velocity, 
then the second derivative, dv/dt, is acceleration, so that problems 
in acceleration along a straight line can be treated at this point. 

The chapter on the polynomial and its derivatives may well 
include such purely algebraic matters as the factor theorem, the 
short method of substituting a numerical value, and the short-cut 
processes of multiplication and division of polynomials whose 
higher terms are negligibly small; and the chapter may end with 
the simple theory of interpolation by second and third differences, 
and the proofs of the interesting formulas connecting the second 
and third differences with the second and third differentials. 


Tue Functions 1/x anp yx 
The study of the polynomial naturally leads to problems involv- 
ing the quotient of two polynomials, and to problems involving the 
solution of a quadratic equation. In order to handle such problems, 
it is well to introduce at this point the statement, without proofs, 
of the general rules for differentiating a sum, a product, and a 
quotient, and also the special rules 


1 1 = dx 
1{-}) = —-—dz Uvzx) = — 
(+) Zit, (vi) =e, 


in which x may be the independent variable, or itself a function of 
some other variable. 

The differential notation enables us to handle the case of inverse 
functions, and the case of functions given in terms of a parameter, 
without any additional theory. The same remark holds for the 
case of implicit functions like 252? + 16y? = 400. The ready-to- 
hand process by which one writes down at once 50 xdx + 32 ydy = 0 
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and then solves for dy/dz is entirely rigorous, as soon as the simple 
rules for differentiation above mentioned are accepted. There are 
no loose ends of theory left to be justified later, except the actual 
proofs of the rules themselves. 


THE EXPONENTIAL AND LOGARITHMIC FUNCTIONS 


The motivation for the next step in our program is this: In 
many important problems, such as the growth of capital at com- 
pound interest, or the growth of bacteria under certain conditions, 
we are concerned with a function having the following property: 
the rate of change of the function, at any point, is proportional to the 
magnitude of the function at that point. 

The curve y = f(x) representing such a fune- 
y=fo) tion will evidently have the general form shown 
in the figure. For simplicity, let us suppose 
that dy/dx = f(x) and that f(0) = 1. Clearly 
no polynomial will answer the purpose. Does a 
function of this sort exist, and what are its further 
«x properties? 

. From the point of view of the student this 
question presents a real problem which is usually passed over 
too hastily in the text-books. The answer, as we all know, is e?; 
but how many beginning students really understand why the 
number e comes in? How many, in fact, really understand what 
is the actual process represented by an irrational exponent, like 
or ¥2? What does it mean to “multiply a number by itself” 
times? These are real questions which ought to be faced squarely 
at the start, because they concern the actual concepts with which 
the student must deal. If the meaning of a theorem is clear, as in 
the case of the rules of differentiation, the formal proof may often 
be postponed to advantage; but in the case of e” it is the concept 
itself that needs to be clarified; and an understanding of the meaning 
of a new concept cannot safely be postponed. 

Let us ask the student, therefore, to try to build up a function 
of the required sort by a direct process of trial.* 

By definition, at every point of the curve, dy = yAz; and for 
each value of dz, Ay will be a little larger than dy. 

Starting at xz = 0, the ordinate is 1 and the differential, dy, is 
Az. Hence at the point x = Az, the ordinate is approximately 
1 + Az, and hence the differential, dy, is (1 + Ax)Axr. Hence at 
the point x = 2Az, the ordinate is approximately (1 + Az) 





* In what follows we assume familiarity with the sums and products of real 
numbers, although (strictly speaking) similar difficulties are presented by these 
more fundamental operations. See Monographs on Topics of Modern Mathe- 
matics, edited by J. W. A. Young, Chapter IV. 
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+ (1+ Ax)Az, or (1 + Ar)*, and hence the differential, dy, is 
(1+ Ar)?Ar. Similarly, at the point 2 = 3Az, the ordinate is 
approximately (1 + Ax)? + (1 + Ax)*Az, or (1 + Az)’. At the 
point « = mAz, the ordinate is approximately (1 + Az)”. But 
here Ax = x/m. Hence the approximate equation of the curve is 


y = (: +2) 
m 


where the larger the value of m, the better the approximation. 
We are thus led to consider a series of curves, 


x 2 xr $ x 16 
) = 1 _ = ] + - ; ss 1 re : 
A) y ( + 5) >; e ( *) y ( + 16 


which approximate more and more closely to the desired curve. 
We consider also a second sequence of curves, 


] 1 1 


ak i oe ee ee ee 
i a ce es 
2 4 16 


It is now a simple matter of algebra to show that for any given 
value of x: 


B) 


(a) the ‘‘A”’ curves form an ascending sequence; 

(b) the “‘B”’ curves form a descending sequence; 

(c) each ‘‘A”’ value is less than the corresponding ‘‘B”’ value; 

(d) the difference between the corresponding values of the “B”’ 
and ‘‘A”’ curves can be made as small as we please by taking 
m sufficiently large.* 


We have thus proved that for any value of x the ordinate of the 
required curve will satisfy the inequality 


1 


( +=) <y<————,, m= 2, 4, 16, 256, 
m ( =)" 


This series of inequalities enables us to compute the value of y 
for any given value of x, to any desired degree of accuracy. The 
resulting tabulation defines the function y = f(x), which is called 
the exponential function. In particular, the value of y when 

*The proof depends on the lemmas (1 +d)" >1-+ md and (1 —d)™ 
> 1— md where m is a positive integer and 0 <<d <1. See Amer. Math. 
Monthly, vol. 23, p. 241, 1916. 
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x = 1 is denoted by the letter e, so that the quantity e is determined 
by the inequalities 


(: + “) Ce tgp te S41 AR <5), 


m (: - x)" 
m 


The student should actually compute the values for m = 2 
and m = 4, and thus convince himself that an approximate value 
of e ise = 2.718 ---. 

By using the “A” and “‘B” approximations, it is easy to 
establish the fundamental property of this function, namely the 
addition theorem 


f(x + y) = f(x) fly). 


All the hard work is now done. No use of the general theory 
of limits has been required, since the maximum possible error of 
approximation can be definitely measured at each stage of the 
approximation.—From the fundamental addition theorem, the 
following properties are immediately evident: 


J f(z) 
i ee mR 


and when m and n are positive integers, 


fin) as aie r(™ ni 
(n) = en —}= — } = we”. 
: : J n hat : n . 


The student thus makes the (to him) unexpected discovery that 
in the case when z is a rational number, the function f(z) he set 
out to find is precisely what would be denoted in algebra by e’. 
Hence, on account of our familiarity with the exponential notation 
it is convenient to use the notation e* for the function f(x), even 
when z is not a rational number. 

In this notation, the addition theorem assumes the familiar form 





f(0O) = 1, f(-2)= 


erty = ewer: 


but the meaning of a thing like e” has been robbed of its mystery. 
It is not necessary to prove the rule for differentiation, 


d(e*) = edz, 


since this rule is implied in the way in which the function e* has been 
built up. An independent proof, based on the property e*+”=e7e", 
should be given later on, when the proofs of the other rules of 
differentiation are taken up in systematic order. 

The exponential function having been established, the logarith- 
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mic function) may now be defined in the usual way as the inverse 
of the exponential function; and the rule for differentiating the 
logarithm follows at once from the rule for differentiating the expon- 
ential function. 

Among the numerous problems involving the exponential or 
logarithmic function may be mentioned: The equally tempered 
musical scale; the amount of light transmitted through glass; the 
velocity of a chemical reaction; and the variation of atmospheric 
pressure with the altitude above the sea. 

The chapter on the exponential function should not be concluded 
without a careful explanation of the use and value of semi-logarith- 
mie cross-section paper. 


THE FUNCTION 2” 


Continuing what may be called an “inductive” study of the 
elementary functions, we take up next the function x" for a general 
value of n. 

The definition of x" when n is a rational number presents no 
difficulty (x being positive). When » is irrational, the function 
y = x" is best defined by taking the logarithm of both sides: 


log y = n log zx. 


For this reason, it saves time to take up the general study of x” 
after the study of the exponential and logarithmic functions. 

Differentiating log y = n log x by the rule for the logarithm, 
we have dy/y = ndzx/x, whence dy = nx""dz, where n may be 
any constant (x being positive).* 

Among the important examples of the use of this function are: 
the period of a simple pendulum; the flow of water over a weir; 
Boyle’s Law for the expansion of a gas at constant temperature; 
and the law of adiabatic expansion of air. 

The chapter on the function x” should include a careful explana- 
tion of the use and value of “log-log” cross-section paper. 


THe TRIGONOMETRIC FUNCTIONS 


There are so many problems that involve the idea of periodic 
motion that the importance of the sine function and other trigono- 
metric functions is obvious, and the usual treatment of these 
functions appears to be pretty satisfactory. The only point that 
is likely to give trouble to the student is the use of the radian as a 
unit of angular measurement. I believe time would be saved if, 

*In case n = p/q, where p and q are integers, and q is odd, the restriction 
that x shall be positive is easily removed. 
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at least at the start, the rule for differentiating y = sin x were 
stated in the explicit form 


dx 
dy = cos 3° >> - 
1 radian 
Here dx is a geometric magnitude, and 1 radian is another geometric 
magnitude of the same kind. The ratio, dx/(1 radian), is a pure 
number, and since cos x is a pure number, dy will also be a pure 
number, as it should be. If this formula is used, the angles x and 
dx may be measured in any units one wishes; the formula will 
always be correct. 

The relation between the radian and the degree is just as simple 
as the relation between the yard and the centimeter; namely, 
7 radians = 180 degrees, so that, by direct substitution, the 
formula for differentiating y = sin x may be written in the equally 
general form 
(0.017453: + -)dx 


1 degree 





dy = cos x: 


This form would hardly be used in practice, but may throw valuable 
light on the meaning of the regular formula. 

Mental worry, if not actual time, can also be saved by the use 
of the notation rad z as correlative with sinz and cosz. For 
example, when x is a geometric angle, the relation sin x < rad x 
<tanz is much clearer than the relation sinx < x < tang. 
For how can an angle be greater or less than a pure number? 
Again, in the parametric equations for the cycloid, x = 
a(rad @ — sin 4) is much less confusing than the common form, 
x = a(@—sin 6). If the common form is used, the student is 
rightly perplexed to know which of three interpretations he is 
expected to attach to the symbol @. (1) If @ is an angle, then 
# — sin @ becomes an angle minus a pure number, which is an 
impossible combination. (2) If @ is a number, then sin @ becomes 
not the sine of an angle, but the sine of a number, which has 
probably not yet been defined. (3) If @ is a number in the first 
term and an angle in the second term, then we have another 
impossible situation, namely the use of the same symbol in two 
different meanings in the same discussion. All this difficulty, 
which is a real difficulty in the student’s mind even though he may 
not be able to express it clearly, is avoided if we write x = 
a(rad @ — sin @). 

Of course, in later work, when sin z is defined analytically as the 
sine of a number, the factor ‘‘1 radian’’ simply drops out. 

The inverse trigonometric functions, y = sin~z, etc., should be 
mentioned briefly, to make the list complete. They are not needed 
in practice until we come to integration. 
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Tue Hyprersouic FUNCTIONS 


The hyperbolic functions are now so widely used, that no apology 
is needed to justify their study. The properties of the catenary, 
for example, are greatly simplified by the use of the sinh zx and 
cosh x; and in many problems in integration the inverse functions 
are almost indispensable. 

In order to save time in the presentation of these functions, it 
is well to leave out the usual references to the hyperbola, and define 
the functions directly in terms of the exponential function: 
sinh x = 3(e* — e~*), cosh x = 3(e*7 + e-*). All the essential prop- 
erties of the functions can easily be derived in a single class period. 
The geometric relations with the hyperbola, which are of historical 
rather than of practical interest, can be left as exercises for the 
student; and all reference to imaginary quantities should be avoided. 


PROOFS OF THE RULES FOR DIFFERENTIATION 


If the time-saving program above outlined has been followed, the 
student should now have a good working knowledge of the prop- 
erties of all the elementary functions, including the rules for dif- 
ferentiation. If he has a spark of scientific curiosity, he will be 
interested to know how these rules, whose utility he has come to 
appreciate, were ever discovered, and how we know they are true 
The historical evolution of the idea of a differential is not only 
instructive but highly entertaining. Listen to the following 
alleged ‘‘ proof’’ taken from a widely used textbook of a generation 
or two ago: 


‘‘When At is diminished to zero, As/At has the form 0/0. If this 
0/0 occurs without any information being given concerning the whence 
and the wherefore of its appearance, then its value cannot be determined. 
In problems of differentiation, however, there is given information which 
makes it possible to tell the meaning of the quantity 0/0 that appears at 
the final stage of each of these problems. In these cases, one knows 
how the quantity As/At is behaving when At approaches zero; and by 
means of this knowledge one can confidently and accurately state what 
this ratio will become when At actually reaches zero. At the final stage 
in the solution of the problem, As/At is not regarded as a fraction but as a 
single quantity.”’ For further illustrations, see Bull. 8. P. E. E., vol. 4 
(i914), pp. 19-28. 


We all know today that an argument like this is sheer bunk. 
But I believe our students would welcome our taking them into 
our confidence by telling them so Having swept away the cobwebs 
of traditional confusion about differentials, the ground will then be 
clear for the modern, matter-of-fact, common-sense proofs which 
we wish to present. 
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at least at the start, the rule for differentiating y = sin x were 
stated in the explicit form 

, dx 
OY = ON =" T radian 
Here dz is a geometric magnitude, and 1 radian is another geometric 
magnitude of the same kind. The ratio, dx/(1 radian), is a pure 
number, and since cos z is a pure number, dy will also be a pure 
number, as it should be. If this formula is used, the angles xz and 
dx may be measured in any units one wishes; the formula will 
always be correct. 

The relation between the radian and the degree is just as simple 
as the relation between the yard and the centimeter; namely, 
7 radians = 180 degrees, so that, by direct substitution, the 
formula for differentiating y = sin x may be written in the equally 
general form 





(0.017453: - -)dx 


ly = cosz: 
oy 1 degree 


This form would hardly be used in practice, but may throw valuable 
light on the meaning of the regular formula. 

Mental worry, if not actual time, can also be saved by the use 
of the notation rad x as correlative with sinz and cosz. For 
example, when x is a geometric angle, the relation sin x < rad x 
<tanz is much clearer than the relation sin z < x < tan vz. 
For how can an angle be greater or less than a pure number? 
Again, in the parametric equations for the cycloid, zx = 
a(rad @ — sin #) is much less confusing than the common form, 
x =a(@—sin @). If the common form is used, the student is 
rightly perplexed to know which of three interpretations he is 
expected to attach to the symbol @. (1) If @ is an angle, then 
6 — sin 8 becomes an angle minus a pure number, which is an 
impossible combination. (2) If @ is a number, then sin @ becomes 
not the sine of an angle, but the sine of a number, which has 
probably not yet been defined. (3) If @ is a number in the first 
term and an angle in the second term, then we have another 
impossible situation, namely the use of the same symbol in two 
different meanings in the same discussion. All this difficulty, 
which is a real difficulty in the student’s mind even though he may 
not be able to express it clearly, is avoided if we write x = 
a(rad @ — sin @). 

Of course, in later work, when sin z is defined analytically as the 
sine of a number, the factor “‘1 radian”’ simply drops out. 

The inverse trigonometric functions, y = sin~‘x, ete., should be 
mentioned briefly, to make the list complete. They are not needed 
in practice until we come to integration. 








is | 
for 
cos 


are 


is \ 
the 
sin 
ert 
Th 
rat 
stu 


stu 
ert 

fer 
int 
ap] 
Th 
ins 
alle 


or 


0/0 
anc 
In 
ma 
the 
hov 
me; 
this 
in t 
sins 
(19 


Bu 
oul 
of | 
cle; 
we 





ere 


rie 
re 
re 
1d 


ill 


le 
y, 
ie 


—_——a we 





TEACHING THE CALCULUS 497 


THE HyperBouic FUNCTIONS 


The hyperbolic functions are now so widely used, that no apology 
is needed to justify their study. The properties of the catenary, 
for example, are greatly simplified by the use of the sinh x and 
cosh x; and in many problems in integration the inverse functions 
are almost indispensable. 

In order to save time in the presentation of these functions, it 
is well to leave out the usual references to the hyperbola, and define 
the functions directly in terms of the exponential function: 
sinh x = 3(e* — e-*), cosh x = 3(e* + e-*). All the essential prop- 
erties of the functions can easily be derived in a single class period. 
The geometric relations with the hyperbola, which are of historical 
rather than of practical interest, can be left as exercises for the 
student ; and all reference to imaginary quantities should be avoided. 


PROOFS OF THE RULES FOR DIFFERENTIATION 


If the time-saving program above outlined has been followed, the 
student should now have a good working knowledge of the prop- 
erties of all the elementary functions, including the rules for dif- 
ferentiation. If he has a spark of scientific curiosity, he will be 
interested to know how these rules, whose utility he has come to 
appreciate, were ever discovered, and how we know they are true 
The historical evolution of the idea of a differential is not only 
instructive but highly entertaining. Listen to the following 
alleged “‘ proof’’ taken from a widely used textbook of a generation 
or two ago: 


‘“When At is diminished to zero, As/At has the form 0/0. If this 
0/0 occurs without any information being given concerning the whence 
and the wherefore of its appearance, then its value cannot be determined. 
In problems of differentiation, however, there is given information which 
makes it possible to tell the meaning of the quantity 0/0 that appears at 
the final stage of each of these problems. In these cases, one knows 
how the quantity As/At is behaving when At approaches zero; and by 
means of this knowledge one can confidently and accurately state what 
this ratio will become when At actually reaches zero. At the final stage 
in the solution of the problem, As/At is not regarded as a fraction but as a 
single quantity.”’ For further illustrations, see Bull. S. P. E. E., vol. 4 
(1914), pp. 19-28. 


We all know today that an argument like this is sheer bunk. 
But I believe our students would welcome our taking them into 
our confidence by telling them so. Having swept away the cobwebs 
of traditional confusion about differentials, the ground will then be 
clear for the modern, matter-of-fact, common-sense proofs which 
we wish to present. 
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The old process of approaching a limit by successive approxima- 
tions—letting At get smaller and smaller until it becomes such a 
tiny weeny bit of a thing that it ceases to obey the laws of algebra— 
is pedagogically all wrong. The limit of a variable is a detached, 
independent entity, which should be grasped firmly, like a nettle, 
and not approached step by step as if we were cutting off a dog’s 
tail by inches. The limit is one thing; the variable another thing. 
In defining the relation between these two things, we are concerned 
with statements which are true “for all values of the variable” 
(within a specified range) rather than “for a sequence of smaller 
and smaller values.”” Whether the values considered are small or 
large has nothing to do with the argument. When the definition is 
freed from all reference to ‘‘vanishingly small quantities,” the 
common suspicion that the process of finding the limit is after all 
only a metaphysical process of approximation will have no oppor- 
tunity to arise. 

The modern theory of limits, as we all know, is merely a simple 
theory of inequalities. 

To indicate how much time can be saved, by taking up the 
proofs in the most effective order, I may say that the proofs of all 
the rules for differentiation can be easily disposed of in two class- 
room periods. First, establish the rule for the sine and the rule 
for the logarithm, for the general case of a function of a function. 
Then the rules for kx, x", e7, uv, u/v, cos x, tan x, and the inverse 
functions, follow by a turn of the hand.* 

The rules for differentiating all the elementary functions having 
now been established, by the aid of the simple inequalities which 
constitute the so-called theory of limits, no loose ends remain 
unproved to trouble our consciences. 


FUNCTIONS IN GENERAL. PATHOLOGICAL CASES 


By the aid of the same theory of limits, we are now in position to 
classify functions in general into those which are continuous or not 
continuous, those which are differentiable or not differentiable; ete. 

The usual plan of putting a substantial amount of such classi- 
fication at the beginning of the course seems to me to be a mistake. 
Functions in general cannot mean much to a student until after he 
has become thoroughly familiar with functions in particular. Time 
will be saved and clearness enhanced if the treatment of functions 
in general is postponed until about the point which we have now 
reached in this outline. 

* Strictly speaking, proofs by “logarithmic differentiation”? do not cover 
points at which the function becomes zero. For this reason, the more usual 
methods of proving the rules for wv and u/v may be preferred. 
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After the ordinary functions have been thoroughly mastered, 
freak funetions will be interesting and instructive to study. A 
“rigorous”? theorem is simply one which specifies accurately the 
classes of functions to which it can be safely applied. The student 
cannot be expected to be impressed by the importance of excluding 
other classes of functions in the statement of the theorem until he 
has been made aware, by actual examples, of the existence and 
peculiar behavior of such classes of functions. 

Freak functions which are discontinuous at isolated points, like 
I/x or log x at x = 0, are already familiar. An innocent looking 
function like x sin (1/x) is always finite and continuous, but has no 
derivative at 2 = 0. The surface z = 2zy sin (1/V2? + y*) is a 
surface which has no tangent plane at the point (0,0). Fascinating 
examples are known of continuous functions which have no deriva- 
tives at any point of the range. Electrical engineering theory is 
full of freak functions whose peculiar behavior may easily trap the 
unwary. The development of modern physics in the sub-atomic 
region, and the resulting renewed interest in the theory of proba- 
bility, call for the most microscopic scrutiny of the foundations of 
the calculus as applied to physical phenomena. While the general 
engineering practitioner will not often be called upon to treat these 
pathological cases, he should certainly know how to recognize 
symptoms of danger, and when to call in a specialist to diagnose 
the disease. 

The numerous known examples of freak functions are now widely 
scattered in the literature. A book collecting and classifying these 
examples would be a useful compilation for students of applied 
science as well as for students of mathematics itself. 


CURVATURE, AND ACCELERATION IN A CURVED PATH 


We can now examine the problem of curvature of a general 
curve, under appropriate restrictions as to differentiability, ete. 

Consider first the simple case of a circle. When a string unwinds, 
so to speak, from a fixed point, a pencil attached to the end of the 
string will trace a circle, the radius r being the length of the string. 
If dr is an arbitrary differential of the angle 7, and ds the correspond- 
ing differential of the are, then ds/dr = r, provided the angles are 
measured in radians. The reciprocal of this quantity, namely 
dr/ds, is the rate of change of direction of the path of the tracing 
point per unit length of arc, and is of course constant for all values 
of +. 

If the string unwinds from a curved guide, let As be the incre- 
ment of the are corresponding to an increment Ar of the angle. In 
this case Ar/As will not be constant, but will depend upon 7. It 
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will represent only an average rate of change of direction during 
the interval Ar. To get a clear idea of the instantaneous rate of 
change, let the string be suddenly ‘‘pegged”’ at some point of the 
fixed guide, and let ds be the ‘‘ would-be”’ value of the increment As 
—that is, ds is the value which As would have if the string suddenly 
became of constant length. If R is this length, then ds/dr = R = the 
radius of curvature at the point in question, and the actual rate of 
change of direction at that point is dr/ds. 

If the problem of curvature is approached from this point of 
view, all the ideas of curvature, radius of curvature, involute, 
evolute, and center of curvature can be introduced simultaneously, 
to their mutual advantage, and with decided saving of time. 

At an ordinary point of the curve, the circle of curvature will 
clearly lie outside the curve on one side of the point of contact and 
inside the curve on the other. 





TTTTITTTTT 





From the fundamental relation, ds/dr = R, which may be taken 
as the definition of radius of curvature, and the readily established 
fact that dx = ds-cos r and dy = ds-sin r, the familiar properties 
of the evolute can be derived in a couple of lines. Thus if (xo, yo) 
is the center of curvature corresponding to a point (2, y) of a 
curve, the figure gives at once x» = x — R sins, yo = y + KR cosz, 





Whence dz) = dx — cosr-Rdr — dR sinsr = — dR sin zr, 
dyo = dy — sin r-Rdr + dR cos r = dR cos r. 
lr cos —1 
Therefore slope of evolute = ee a —— a , and 
dx sin zr slope of curve 


dso = dR. This confirms what is already fairly obvious from the 
figure, namely, that the tangent to the evolute is normal to the 
involute, and the length of string unwound is the same as the 
length of are with which it was in contact. 

Another line or two gives the useful expression 


R= [1+ (y')? Ply”. 


The idea of radius of curvature is obviously important in the 
study of railroad curves, and has an essential connection with the 
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definition of acceleration along a curved path. If v is the path 
velocity, and R is the radius of curvature, at any point, then 
ar = dv/dt and ay = v?/R are the components of acceleration along 
the tangent and normal respectively. These two formulas are 
among the very few formulas of mechanics that ought to be com- 
mitted to memory. The proof of the formulas takes only two lines, 
but they should be treated with the utmost care, and in a leisurely 
manner. 

A particularly interesting example is the case of the cycloid, 
where the radius of curvature at the cusp reduces to zero. 


Functions OF Two oR MoRE VARIABLES. PARTIAL 
DIFFERENTIATION 


The value of the differential notation is nowhere more apparent 
than in the study of functions of several variables. To save time 
here it is worth while to use the notation in its complete form at the 
start, postponing until later the explanation of how certain con- 
ventional abbreviations must be interpreted. 

Perhaps the best illustration to begin with is the temperature 
at a given point in a room as a function of the position of that point: 


u = f(x, y, 2). 


The definitions of the partial derivatives of u with respect to 
t, y, and z at a given point (0, Yo, zo) are obvious extensions of the 
definitions in the case of a single variable: 


f(x + Ag, y, 2) — f(x, y, 2) 
Ax F 





D,u = f(x, y, 2) = lim 


Aar—>0 





Dyu = f,(2, y, 2) = lim 


Ay—> 0 


f(x, y + Ay, 2) — f(z, y, 2) 
Ay » ete.; 


and hence the partial differentials are 


d,u = fr(z, y, z)-dz, 
dyu = f,(2, Y, z) ‘dy, etc., 


where the subscript is needed to show which variable is taken as 

the independent variable (the other variables being held constant). 

The only new thing needed is the definition of the total differ- 
ential: 

du = f,-dx + fy-dy + f.-dz. (1) 

The usefulness of this easily-remembered formula lies in the 


fact that it holds good in all cases, whether x, y, z are independent 
variables, or whether they depend on other variables. 
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The student may well ask, if this is the definition of a new 
symbol, why should there be any question of its “ holding in all 


eases”? ? It is important to make clear what the situation here 
really is. 

(a) If z, y, zg are independent variables, then indeed there is 
nothing to prevent our defining the new symbol du in any way we 
like. 

(b) If y and z are held constant, so that u becomes a function 
of x alone, say u = f(x), then du has already been defined as 
du = f'(x)dx. It is necessary to show that formula (1) will give 
the same result in this case (as it obviously will, since dy = 0 and 
dz = 0). 

(c) If x, y, z are functions of an independent variable ¢, so that 
u is really a function of t, say u = F(t), then du has already been 
defined as du = F’(t)dt. It is not so obvious that formula (1) 
will give the same result in this case. Simple illustrations will 
show that the two results obtained for du will differ at least in form, 
and proof is therefore required to show that they will never differ 
in value. 

(d) If x, y, z are functions of two independent variables, r and s, 
so that wu is really a function of r and s, say u = ¢(r, s), then 
formula (1) applied to u = f(z, y, z) will give one result, while the 
same formula applied to u = ¢(r, s) will give another result. 
Proof is required to show that these two results will always be the 
same. 

It makes little difference how these proofs are presented. (They 
will probably involve the incidental proof that if 


Au = f(z + Az, y + Ay, z + Az) — f(z, y, z) 


then the ratio Au/du will approach 1 as a limit.) The only thing 
the student needs to remember, as a working tool, is the final result, 
namely, that formula (1) is safe to handle under all conditions. 

The idea of directional derivative follows at once from this 
formula for the total differential. 

Thus, in our temperature example, suppose the point (xz, y, 2) 
moves off a distance dr in a direction a, 8B, y. Then, from the 
fundamental three-dimensional figure, 


dx = dr-cos a, 
dy = dr-cos 8, 
dz = dr-cos y, 


so that 


du 


= * f,-cos a + fy-cos B + f,-cos y. 
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This fraction, du/dr, is called the directional derivative in the 
direction a, 8, y. It gives the rate of change of the function wu 
with respect to the distance traveled in that direction, in terms of 
the values of the partial derivatives of f(z, y, z) at the point in 
question. 

The case of implicit functions is equally easy to handle. 

An equation like F(u, x, y, z) = 0 (under suitable conditions 
in regard to continuity, etc.) defines u as a function of 2, y, and z, 
say u = o(2, y, 2). Let it be required to find ¢,, the partial 
derivative of uw with respect to x. 

By formula (1) 


du = o,:dx + ¢$,:dy + ¢,-dz 
and 
F,-du + F,-dz + F,-dy + F,-dz = 0. 


Now in u = (2, y, z), let x be the only variable, z and y being 
constant. Then dy and dz become 0, and du becomes d,u, so 
that we have d,u = ¢,:dx and F,-d,u + F,-dx = 0. Hence by 
direct substitution, ¢, = — (F,/F,). No formula beyond formula 
(1) need be remembered. 

In this way, by the use of subscripts to show explicitly just 
what the variables are, all confusion of notation is avoided, and 
the possibility of error and worry reduced to a minimum. 

In particular, consider the important problem of finding the 
direction cosines of the normal to a surface F(z, y, z) = 0 at a 
given point (20, Yo, 20); or, what comes to the same thing, the 
problem of finding the equation of the tangent plane at a given 
point. 

Let the required equation of the tangent plane be 


A(x — 2) + Bly — yo) + Cz — 2) = 0 


where A, B, C are to be determined. The trace of the tangent 
plane on the plane y = yo is the line A(x — xo) + C(z — zo) = 0, 
whose slope is 

dz A 


- 


The trace of the tangent plane on the plane x = 2 is the line 
Biy — yo) + C(z — zo) = 0, whose slope is 


dz 8B 
dy Cc 
But from formula (1), F,-dx + F,-dy + F,-dz = 0; whence 
daz F, dyz F, 


—= —— and —=->->: 
dx d 7 
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and the equation of the tangent plane is 
F,-(x — Xo) + Fy-(y — yo) + F.-(z2 — 20) = 0. 


In other words, the direction cosines of the normal to the surface 
F(a, y, 2) = 0 at any point are proportional to the values of the 
partial derivatives F,, F,, F, at that point. 

On account of the symmetry of this result, it would save time 
if this were the only formula for the tangent plane which the student 
is asked to remember. 

Let me take another and more perplexing example, from the 
field of thermodynamics. 

Suppose v = ¢(t, p), where p = F(t, £). Then v is really a 
function of t and EF, say v = f(t, EZ). It is required to find the 
partial derivative of v with respect to ¢ when E is constant; that is, 
to find f:. 

By formula (1), 


dv = fi-dt + fe-dk. (1a) 
Also 
dv = ¢::dt + $,-dp 
and 
dp = F,-dt + Fe-dk. 
Whence 


dv = g::dt + o,:Fi-dt + o'Fe-dk. (1b) 
Putting dE = 0 in (la) and (1b), we have, by direct substitution, 
fi = Gt + op Ft. 


The problem is thus solved by the most direct and obvious 
method, provided the notation is kept in the explicit form through- 
out. Remembering the meanings assigned to f, ¢, and F, we may 
write the result, if preferred, in the longer, but even more self- 
explanatory form, 

dy(t, FE) dw(t, p) , d,v(t, p) dip(t, E) 


dt dt dp dt 








None of the writers on thermodynamics are in the habit of using 
this self-explanatory notation, and it becomes necessary to show 
the student how certain widely used abbreviations are to be inter- 
preted. In the usual abridged notation the above result is written 


Ov f av Ov Op 
Oty rz & >» \ Ops: at Jz 
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Two points must be noted. First, the round @ is a warning signal, 
to indicate that the things that look like fractions cannot be treated 
as fractions, because the dv in the first term is not the same as the 
dv in the second term. Danger of confusion on this account can 
be avoided by inserting the necessary subscripts under the round 
d’s with a fine pointed pencil, before any transformations of the 
formula are attempted. When this is done, the round 0’s may be 
handled as if they were square d’s. Secondly, the outside subscript 


) 


Be dv = —_* ; . 
E in the term r is intended to indicate that v is a function 
E 


4 


not only of t but also of #, and that EZ is held constant. Similarly, 
Ov d . : . 
the notation (=) indicates that in this term v is to be regarded 
t 


as a function of p and ¢t, with ¢ held constant. 

Some writers occasionally omit the outside subscripts as well 
as the subscripts under the round 0’s. The effect is often a Chinese 
puzzle. When a student encounters a case of that kind, the best 
thing for him to do is go back to the beginning of the author’s 
discussion, and rewrite the treatment for himself in more explicit 
notation. 


APPLICATIONS TO GEOMETRY OF THREE DIMENSIONS 


With the tools provided by the theory of partial differentiation 
well in hand, as many applications to geometry of three dimensions 
as time will allow may be inserted at this point. Curves in space, 
of which the helix is an important engineering example, are best 
treated by the use of symmetrical parametric equations, x = z(t), 
y = y(t), z = 2(t). Rectangular, spherical, and cylindrical coor- 
dinates should be studied, as well as the fundamental properties of 
the quadrie surfaces. 


ForMAL INTEGRATION 


In the chapters on the elementary functions and their deriva- 
tives, many problems will have occurred which involve the idea of 
reversing the process of differentiation—that is, recognizing a 
primitive function when its derived function is given. This 
question should have been raised only in simple cases, in which 
the answer can be given by inspection without the use of the sign 
of integration. 

The time has now come, however, for a systematic attack on 
this problem of anti-differentiation. ‘ 

In order to save time, the most important formulas should be 
developed first, to serve as a basic list to which other forms can 
09 
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then be reduced. (I have found a convenient list for this purpose 
is made up of the following numbers from B. O. Peirce’s Table of 
Integrals: 3, 4, 5, 7, 8, 11, 12, 16, 47, 48, 261, 265, 288, 291, 127, 
126, 125, 124.) 

The method of substitution and the method of integration by 
parts should be accompanied by systematic suggestions as to the 
usual tricks of the trade.* 

In connection with the method of integration by parts, the 
following amusing puzzle was first published, I believe, by Professor 
J. L. Walsh. Suppose 

"dx 
7 = | xz’ 


and let wu = 1/x and dv = dz, so that du = — (1/x*)dx and v = x. 
Substituting in the formula fudv = w — Sf vdu, we have 


"dx {2 
—=w 2+ —, 
J 2 JI = 
whence 0 = 1. 


A more serious point that should be noted here is that the 
familiar formula 


lx 
= = log x 


must be restricted to positive values of x When x is negative, 
f oe ) 
— = log (— 2). 
+> g ( 


It is an open question how much the student should be allowed 
to lean upon a table of integrals, and how much he should be 
required to perform his integrations by himself. One point I 
think we can all agree upon—that no formula in the table should be 
used until it has at least been verified by “ differentiating back.”’ 
In fact, as might have been mentioned earlier, a table of integrals 
provides the best possible source of drill-exercises in differentiation. 
The functions to be differentiated are as complicated as you please, 
and the results are always neat and tidy expressions, in a perfectly 
definite form, so that the student can check his own work. 

A detailed study of partial fractions and the more complicated 
reduction formulas may well be omitted until after the student has 
learned the elements of the algebra of complex quantities. 

* In integrating by parts, when v is found from dz, it is sometimes convenient 


to add an arbitrary constant to v, and then later choose the constant so as to make 
the final integration as simple as possible. 
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On SetrTinac Up a DEFINITE INTEGRAL 


We now come to what is probably the most important and 
useful chapter in the caleulus—the chapter on definite integrals. 
A great deal of time can be saved here by separating each problem 
into two parts: first, ‘‘ setting up the integral ”’ in a form ready to 
“turn over to the mathematical slave ’’; and secondly, performing 
the actual labor of evaluating the integral. 

As to the first part, every student in the class should acquire 
skill and assurance in “‘ setting up the integral.’”’ As to the second 
part, students will vary greatly in the amount of ‘“ slave-work ” 
they can perform in a given period. It is a good plan, therefore, 
to assign for one day’s work the setting up of a number of integrals, 
and then, after these have been approved, proceed on the following 
day to assign the problem of evaluating these same integrals. It is 
a great waste of time for a student to struggle with the evaluation 
of an integral which has been wrongly set up to start with. 

It is in the process of setting up a definite integral that the dif- 
ferential notation reaches its maximum of usefulness. But much 
misunderstanding in regard to the proper function of the differential 
in this connection has been prevalent in the past and persists to a 
certain extent today. There is no point on which absolute clearness 
is more essential. 

Let us begin with the problem of finding the area under a curve 
y = f(x) from xz =atoz=b. First, let A(x) be the area under 
the curve from x = a to a variable ordinate x = xz, the notation 
A(x) being used to indicate explicitly that the area in question is a 
function of zx. 

If the curve were a horizontal line, y = yo, 
the rate of increase of this area, as x increases, yf (x) 
would be constant, and dA = yodx. If the 
curve is not horizontal, the rate of change of 








A(x) with respect to x is variable. When x Atx)|y 
is given an increment, Az, the true increment 7 ox 5 x 


in A is AA, with a curved upper boundary, 
while the “‘ would-be” increment, or differ- 
ential of A, with a level upper boundary, is dA = ydz. Having 
thus discovered an expression for the differential of the function 
A(x), it remains to find the function itself. By integration, 


A(z) = [Syda lime + C, 


where C is a constant. To get rid of this constant, we note the 
“ initial conditions,” namely, that A(x) = 0 when z = a. Hence 


0 = [fydz na + C. 
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Subtracting the second equation from the first, we have 


A(x) = [Sydxr]mez — [fydr],—c. 


This gives the area A(x) as a function of x (since y is a known 
function of x). 

Finally, putting x = b, we have the whole area between x = a 
and x = b, which is conveniently written in the form 


b 
A =[Sydz]eus — [Syd ne = [ aii. 


We may remark in passing that the usual phrase: “ determining 
the constant ’’ is a confusing one. The constant is usually not a 
value to be determined, but a nuisance to be eliminated. This 
elimination is most expeditiously accomplished by subtracting the 
“initial ’’ equation from the “ general”’ equation, as indicated 
above. 

Now the essential feature of this process of finding the area is 
the typical element, AA. An approximate value for AA is clearly 
the rectangle ydz, and the exact answer for the total area is found, 
as we have seen, by simply putting an integral sign in front of this 


expression ydx: 
d 
a= f ydx. 
a 


In other words, the practical solution of the problem consists in 
picking out a ‘“ good approximation ”’ to the typical element of 
area, and then integrating from x = a to x = 6 without further 
ado. There is nothing about the typical element which needs to 
be ‘‘ small ’’; and no discussion of “‘ limiting values ”’ need play any 
part in the problem. 

To prove that this practical process is justified in theory, all 
that is needed is a test of what constitutes a good approximation. 
The test of a good approximation depends only on a finite inequality, 
which in this case runs as follows: Let y; be the smallest and y. 
the largest value of f(x) for values of x between z and x + Az. 
Then since the inequality 


yi: Az < AA < ye-Ax 


is satisfied for all values of Az, it follows that the differential of 
A(x) at the typical point x = z is actually given by dA = ydz, and 
the rest of the proof goes through as above. 

The important point to bear in mind in teaching the subject is 
that the actual use of the tool called the definite integral, and the 
proof or justification of that use, should be kept clearly distinct in 
the student’s mind. 
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Having thus examined the special case of the area under a 
curve, the student will be ready to understand the meaning, and 
eventually the scope, of the following fundamental theorem: 

Fundamental theorem. Suppose a required positive quantity, 
P, may conveniently be regarded as the sum of ‘‘ elements,” AP, 
corresponding to elements Az into which a given interval from 
x =a to x =b has been divided; and suppose that a typical 
element AP can be expressed ‘‘ approximately ”’ in the form 


AP = [F(a)-f(x) ---]-Az, 


where F(x), f(x), --- are continuous functions of x suggested by the 
data of the problem. Then the required quantity P will be given 
exactly by the definite integral 


P = f " DF(@)-fle) «Jae = f Cz} - Lf Ce} 


provided the approximation used is a “ good approximation.” 

This is the fundamental theorem on which the usefulness of the 
definite integral depends. A rigorous test by which the * good- 
ness ’”’ of the approximation used can be justified is supplied by the 
following supplementary theorem: 

Supplementary theorem. To show rigorously that the suggested 
approximation [F'(x)-f(x) ---_JAx for AP is a “ good approximation ”’ 
it is sufficient to show that the true value of AP lies between 


(Fi-fi-::)Av and (Fe-fo -+-)Az, 


where F), fi, --- are the smallest, and F2, fo, --- are the largest 
values of the separate functions F(x), f(x), --- in the interval 
Ar. (The theorem remains true if the product F(x)-f(x) --- is 
replaced by any continuous combination of the functions.) 

Equipped with this powerful tool, the student is now prepared 
to ‘set up the integral ”’ for all the familiar problems: areas and 
lengths, in rectangular or polar coordinates; volumes and surfaces 
of revolution; volumes with variable cross-sections; centers of 
gravity of wires, plates and solids; radii of gyration; centers of 
fluid pressure; the work done by a variable force; the gravitational 
force due to attracting bodies; etc., ete. 

The fundamental theorem, and a little common sense, is all that 
is required for any of these problems. The memorizing of special 
formulas for this or that should be avoided; each problem should be 
attacked directly, on its merits. 

Let us consider, for example, the problem of finding the center 
of pressure on a submerged vertical gate, the width of the gate at 
distance x below the surface being a known function of z, say 
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y =f(ax). Let A be the distance down to the center of pressure; 
that is, if a horizontal bar is placed against the gate at the depth h, 
the water pressure above and below the bar will have no tendency 
to rotate the gate about the bar. We proceed to set up the integral 
for the total turning moment of the water pressure about the bar; 
then by putting this total turning moment equal to zero, we can 
solve for h. First, divide the interval from x = ato z = b, that is, 
the total height of the gate, into elements Az, and consider a typical 
element, from x to x + Ar. The required total turning moment 
can then be written down in one line, as follows: 


z=b 
Mom = 0 = f (x — h)waxydz. 
z 


=a 


The steps of the mental process are as follows: The area of a 
narrow strip of the gate, at the approximate distance y below the 
surface is approximately ydx. By a principle of hydrostatics, the 
force against this strip is the same as the weight of the column of 
water which would stand above this strip if it were rotated about 
its own axis into a horizontal position; the height of this column is 
x, so that the volume of the column is zydz, and its weight is wrydz, 
where w is the density of water (weight per unit volume), so that 
the force acting on the element is wrydz. Next, the lever arm of 
this force about the bar is (2 — A), so that its turning moment is 
(x — h)wrydx. This differential expression is approximately the 
contribution which the element Az makes to the total turning 
moment. By the fundamental theorem, therefore, the total turn- 
ing moment will be the integral of this expression from x = a to 
x = b, provided the approximation used is a “ good approxi- 
imation.” 

The further steps by which the ‘‘ goodness ”’ of the approxima- 
tion can be justified, if challenged, are clearly indicated by the 
supplementary theorem stated above. 

The final value for h is therefore given by 


b b 
h f xrydx = f x’ydzx, 
a a 


, 


where y is a known function of x. In evaluating these integrals, 
it is best to keep the work in two columns, not dividing through 
by the coefficient of / until all the simplifications have been made. 

Before leaving this problem, it is interesting to note the con- 
nection of the center of pressure with the center of gravity and the 
radius of gyration. If z is the distance from the surface down to 
the center of gravity of the area of the gate, then, by similar 
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b b 
£ f ydx = f xydex. 
a a 


Further, if & is the radius of gyration of the gate about the line of 
intersection of the plane of the gate with the surface of the water, 


then 
d b 
wf ydx = [ 2%udx. 
a ~a 


Hence it appears that hz = k’. 

Incidentally, this simple relation is an illustration of a fact well 
worth remembering, namely that the concept of radius of gyration 
is much easier to handle than the concept of moment of inertia. 


reasoning, we find 


SUCCESSIVE INTEGRATION 


If the student, thrown on his own resources, has succeeded in 
setting up the integral for a large variety of problems like those 
mentioned in the preceding chapter, he will have no difficulty in 
handling problems which require successive integration. All he 
has to do is to keep his eye on the figure, and write down the answer, 
step by step, all in one line. 

For example, let us set up the integral for the weight of a plate 
in the form of a quadrant of an ellipse, where the density is pro- 
portional to the distance from the center, say w = cr. 

First, consider a typical strip, of width Az, and height y = f(z) 
where f(x) is a known function of xz, obtained from the equation 
of the curve; and in this strip consider a typical element, dzdy. 
The weight of this element is cv(2? + ¥?)-dxrdy. Weeping x and 
dx constant, the weight of the strip is found by integrating from 
y = 0 to y = f(z): 


*y=1(2) 
J cVa? + yrdy | (x) 
y=0 y 


x 
| 





The quantity in the bracket is a function only of x, so that the total 
weight of the strip is, as it should be, a function of x, times dz. 
To obtain the total weight of all the strips we have only to integrate 


from x = Oto z =a: 
a 
| cVa? + ydy Jew 
y=0 


W = [ 
~/z=0 e 




































512 TEACHING THE CALCULUS 


The justification for the approximations made can be supplied on 
demand. 

The point about this example is that if the student really keeps 
his eye on the figure, he can hardly go wrong with his “ limits.” 
The idea of putting down some memorized formula first, and then 
sticking in the “ limits” by hit or miss as a sort of afterthought, 
should never be allowed to enter his head. 


PRooFs OF THE APPROXIMATIONS USED IN SETTING Up 
AN INTEGRAL 


In order to emphasize the distinction between the use of this 
tool and the proof of its correctness, it would be well to collect in 
one chapter all the proofs that are needed to show that the approx- 
imations used in setting up a definite integral are ‘“‘ good approx- 
imations ”’ in the sense required by the Supplementary Theorem. 

For example (to take the most troublesome case), let us prove 
that 2ryds [= 2xf(x)V1 + [f’(x) PAr] is a good approximation to 
the element of area of a surface of revolution. We have to show 
that the true increment of area, AA, corresponding to an element 
Az, lies between 2ry;(ds); and 2ry2(ds)2, where y; and (ds); are the 
smallest, and ye. and (ds). the largest values of y and ds in the 
interval Az. 

Consiaer first the case in which the curve y = f(x) is rising and 
concave downward. Let As (= are PQ) be supposed straightened 
out, first into position PP’, and again into position QQ’, without 
changing its length. When the figure is rotated about the z axis, 
clearly 2ry;As < AA < 2ryeAs, where y; (= y) is the smallest, and 
y2 (= y + Ay) the largest values of y in the interval. Now the 
smallest value of ds in the interval is QS, and QS < QP < As, so 
that (ds); < As; while the largest value of ds is PT, and 
PT = PM + MT > PM + MQ > As;s0 that (ds). > As. Hence 
2ryi(ds); < AA < 2zye(ds)o, as was to be proved.—The three other 
cases (curve rising, concave upward; curve falling, concave down- 
ward; and curve falling, concave upward) are handled in a similar 
way. 

It should be observed that here, as in many other cases, the 
smallest value of one factor occurs at one end of the interval, while 
the smallest value of the other factor occurs at the other end of the 
interval, so that it would be hard to find a single function, (2), 
such that AA will always lie between ¢(2)Ax and ¢(x + Ax)Axz. 
It is to meet precisely this difficulty that the Supplementary 
Theorem is designed. It is believed that time will be saved, and 
clearness enhanced, if this Supplementary Theorem is used in 
place of any form of the much debated Theorem of Duhamel. 
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The geometric axioms required—in this case the axioms about the 
length of a convex are—are of the simplest character. 




















y=F(x) as 5! 
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GENERAL THEORY OF DEFINITE INTEGRALS 

The general properties of the definite integral, differentiation 
with respect to the upper limit, differentiation with respect to a 
parameter in the integrand, and the definition and treatment of 
improper integrals, call for no special comment here.* 

I should like, however, to emphasize the importance of a general 
theorem known as the Law of the Mean for Integrals: 

If f(x) and ¢(x) are continuous functions, and ¢(x) does not 
change sign in the interval from x = a to x = b, then 


b »d 
{ f(x) o(x)dx = m | o(x)dz, 


where M is some mean value between the smallest and largest 
values of f(a) in the interval. 
+1 
A simple illustration like f (3 + x)adzx will suffice to show the 


v—l 


necessity of the proviso that ¢(x) shall not change sign. 


TayLor’s THEOREM WITH REMAINDER 

In order to save as much time as possible in the portion of the 
course devoted to series, I would suggest that the work start at 
once with Taylor’s Theorem: 

* Line integrals, surface integrals, and volume integrals, all of which involve 
(in much the same way) the concept of the limit of a sum, may properly be taken 
up together, at the time when topics like Green’s Theorem are studied, in a 
second course in calculus. 
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he hi 
f(a + h) = fa) + f@)-h+f"@) F+S "a H+ 


ij 
one + f™(a)- — + Bis 


where 


(n+ 1)! 


(0 < 6< 1). 


t=h i” Arti 
hy = f frmM(ath—t- = -dt = f(a + 6h): 
t=0 ! 


The most expeditious proof of this theorem is obtained from 
the obvious identity 


t=h 
f(a +h) = f(a) +f f'(ath — tat 
t=0 


by integrating successively by parts. This gives the first form 
for R, immediately. The second form is then obtained from the 
first by using the Law of the Mean for Integrals. 

Rolle’s Theorem, and the Mean Value Theorem for derivatives, 
are special cases of Taylor’s Theorem. 

In all practical work with series, the ability to estimate the error, 
or remainder term F,, is extremely important. If R, approaches 
zero as n increases, Taylor’s formula becomes a convergent infinite 
series; but the fact that a series converges is of little practical value 
unless one knows how fast it is converging—that is, how many 
terms must be used to ensure a given degree of accuracy. 

In the case of an alternating series, the error, R,, is always less 
than the last term retained, so that in that case the formula for 
R, need not be used. In certain other cases, the labor of computing 
the range of possible values of R, is prohibitive. But wherever 
possible the emphasis should be laid on the size of the error, rather 
than on the mere fact of convergence. 

A striking example of the value of series in numerical computa- 
tion is the following, taken from an actual case in engineering 
practice. Required, 

. . or 
X = bf ( log. - <A _ = 


c r 





where b = 1, r = 100,c = }. We find 


X = 1,000,000 (log, 10.05 — log, 9.95 — 0.01). 


By the aid of a five place table of natural logarithms, we obtain the 
useful result XY = 1,000,000 (0.000 00 ---), in which not a single 
significant figure is known! By the use of series, we find, with 
practically no computation, Y = 0.083,334,6. 
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The use of series is especially valuable in cases like this, where 
we have to deal with the difference between two quantities that 
are nearly equal. 

The student should make himself thoroughly familiar with the 
practical use of the first two or three terms of the expansions for 
(1+2)", e*, log (1+ 2), sinz, cosz, and tanz; and should 
learn, when operating on series, how to be sure to retain all the 
terms warranted by the data, and no more. Problems in reversing 
a series by the method of undetermined coefficients are especially 
important, as are also problems in evaluating integrals like the 
elliptic integral by integrating a series term by term. Some time 
ean profitably be spent in showing how mathematical tables are 
actually computed. 

The pitfalls against which the student must be warned in dealing 
with series should be illustrated by actual examples. Particularly 
striking is the classical example of the series for 1/(1 + x), which, 
when x=1, gives } = (1-—1)+(1-—1)+(1-1)-:-, and 
thereby proves that a finite quantity can be created out of a string 
of nothings! Examples of series which cannot be differentiated 
term by term (‘‘ saw-tooth functions ’’) are especially illuminating. 
No ‘ proof” of a theorem about series should be given except 
where the need of such a proof has first been established by a 
definite example of a “ freak ’’ series which the proof is intended 
to shut out. 

Before leaving the chapter on Taylor’s Theorem it is desirable 
to point out, at least briefly, the contrast between Taylor’s series and 
a Fourier series. The Taylor series provides a good approximation 
to a function in the neighborhood of a given point. The Fourier 
series provides a good approximation to a function over a given 
range. : 

INDETERMINATE Forms 

The treatment of the so-called indeterminate forms, 0/0, 0/0, 
0.0, 0°, 1%, ©°, and © — o, either by infinite series or by the 
aid of l’Hospital’s theorem, should be given careful attention, 
because cases of this kind are constantly occurring in all the applied 
sciences, and unless promptly recognized as such often lead to 
confusion. A good example from the field of chemistry is 


(a — z)a 
(b — x)b 





1 
kt = gee j, 1B when a= b. 


APPROXIMATE COMPUTATION 


b 
When a definite integral f f(x)dzx, cannot be evaluated 


a 
directly in terms of the elementary functions, or in terms of an 
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infinite series, it is always possible to obtain an approximate value 
by: regarding the integral as the area under the curve y = f(x) 
and applying Simpson’s Rule. 

The following special case of Simpson’s Rule is called the pris- 
moid formula: If the base line from xz = a to x = b is divided into 
two equal parts, h = (b — a)/2, and the ordinates are denoted by 
Yo, "1, Y2, then the area is approximately 





h 
A= 3 L¥o + ye + 4y:]. », I¥ ph |¥ 
| a b 





This formula is exact when the curve 
y = f(x) isa polynomial of the first, second, 
or third degree. 

To prove this we have only to find the area under any cubic 
curve, y = A + Br + C2* + D2’, from x = — h to x = h, namely 
A = 2Ah + 2Ch®/3, and then determine the coefficients A and C 
so that the curve shall pass through the points (0, y:), (— h, yo), 
(h, Ye). 

To obtain the general Simpson’s Rule, divide the base line into 
n equal parts, where n is any even number, apply the prismoid 
formula to the n panels two by two, and add. The result is 


] 
A= = [(yo + Yn) +t 4(yi + ys +++ + Yrs) 
+ 2(Yye = Ya = te + Yn-2) |, 


where h = (b — a)/n. 
It is of theoretical interest to note that the error in this approx- 
imation is equal to 
—(b-—a) (b-— a) 
180 n 


where f’’”’”’(X) is some mean value of the fourth derivative between 
x=a and «= b. 

The solution of numerical equations by trial and error is an 
important matter, too often neglected. Many practical problems 
lead to numerical equations of the third or fourth degree, and while 
the introduction of computing machines has rendered Horner’s 
method somewhat obsolete, the straightforward method of trial 
and error, aided by some knowledge of the slope of the curve, is an 
indispensable tool. 

A good example of a non-algebraic type is the solution of the 
simultaneous equations y; = sinz and ye = logio (1 — cos 2). 
Neat arrangement of work is of course a prime desideratum. 
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Finally, the problem of fitting a mathematical equation to an 
empirical curve comes up so incessantly in all the applied sciences, 
that some examples of the determination of constants by the 
method of least squares should be included at this point. 


THe ALGEBRA OF COMPLEX QUANTITIES 


Up to this time, the student has been working in the domain of 
real quantities (positive, negative, and zero), represented by points 
on a line. 

But lurking around every corner has been the spectre of the 
imaginary. Beginning with the quadratic equation, the student 
has been taught to believe in ghosts. In the world as he knows it, 
the equation z* + 1 = 0 has no solution. But in the spirit world, 
he is told, every equation must have a solution; hence there must 
be a ghost-quantity, ¥— 1, which will obligingly do the trick that 
no real quantity can perform. 

The little instruction that is usually given about these imaginary 
quantities savors more of the 18th century than of the 20th. 
Especially in engineering, everybody passes the buck when it comes 
to explaining this mystery. Not until the student takes up a 
systematic course in the theory of functions of a complex variable 
(if he ever does so) is he allowed to penetrate behind the veil. 

It seems to me that this situation is not only unnecessary, but 
intolerable. I believe that time would actually be saved in the 
long run if pains were taken to explain, at this point, just what the 
algebra of complex quantities really is. Instead of moaning a 
pious wish that such a thing as Vv-1 ought to exist, even if it 
doesn’t, let us exhibit, in concrete fashion, the actual system in 
which it does exist. And in presenting this system, let us present 
it at once in all its beauty and finality. Here, as in elementary 
trigonometry, the historical avenue of approach is not the smoothest 
or shortest route. Let us first explain what the system really is 
and later review the various incomplete and foggy views which 
were once held concerning it. 

The first thing to do, in my opinion, is to explain at once that 
we are not going to talk about numbers (in any sense familiar to the 
student), but about points ina plane. We are proposing to set up 
arbitrary rules for playing a game with points in a plane. 

Let O and U be two fixed reference points in the plane. If, now, 
A and B are any two points in the plane, these points, with O, 
determine a third point S, by the process of completing the parallel- 
ogram. We call this third point, for fun, the “sum” of the two 
given points, A and B, and denote it by A @ B. Then we prove 
from the figure that A@®B=B@Q@A and (A@B)@C= 
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A@®(B@C), so that our naming the operation ‘ addition ” is 
perhaps not so whimsical as it may have seemed. For brevity, 
we let 2A = A @A, 3A = 2A GA, ete.; and by an obvious 
extension, if m is any real number, we let mA = the point on the 
line OA, m times as far from O as A is. 

Secondly, observing that every point A has a “ distance,” 
measured from O in terms of OU as a unit, and an “ angle ’’ between 
OA and OU (the distance and angle being simply the polar coor- 
dinates of the point), we proceed, for fun, to define the ‘‘ product ”’ 
of A and B as the point P whose angle is the ordinary sum of the 
angles of A and B, and whose distance is the ordinary product of 
the distances of A and B. Thus, if, in polar coordinates, A = (a, @) 
and B= (b, ¢), then A © B= (ab,6+ ¢). By purely geo- 
metrical methods we then prove that A © B = B© A, (A © B) 
OC=AO(BOC), AO(B@C)=(AOB)@(A OC), so 
that here again our playful use of the term ‘“‘ product ”’ is not so 
whimsical as it seemed. Moreover, A @O= A, AOQO=0O, 
AOU =A; and if A © B = O, then either A = O or B = O. 
Hence it is not inappropriate to speak of the points O and U as 
the “ zero point ”’ and the “ unit point ’’ respectively. 

The inverse of “ addition ”’ we may call “‘ subtraction,’ and the 
inverse of ‘‘ multiplication’’ we may call “ division,’ observing 
particularly that ‘‘ division by the point O ”’ is ruled out of the game. 
The point — A is the point symmetrical to A with respect to 0, 
since by the rule for addition of points, A @ (— A) = O. 

Now designate by the letter J the point whose distance is OU 
and whose angle is 90°. By applying directly the rule for ‘* mul- 
tiplication ” of points, we find that JOJ=-—U, JOJOJ 
=-J,andJOJOJOJ=U. Hence if we use numerical 
exponents to denote repeated ‘“ multiplication,” we may write 
J? = — U, J* = — J, ete.; whence by an obvious definition of 
notation, J = V— U. In other words, according to the rules of 
our game of points, the point J is the “ square root ” of the point 
— U, or rather, one of the square roots, since — J has the same 
property. And so in general, every point A will have two “ square 
roots,” three ‘‘ cube roots,” and so on, as the student will discover 
if he is allowed to play the game by himself instead of having all 
the fun spoiled by too much instruction. When a student builds 
his own toy, he is not going to be troubled by any mystical doubts 
as to its reality. 

It is all in the spirit of the game to call the points on the axis 
OU the “real’’ points, and the points on the axis OJ the “ pure 
imaginary ” points; and it is immediately evident from the figure 
that if A is any point in the plane, it is always possible to find a 
real point, zU, and a pure imaginary point, yJ, such that 
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A =2U @4J, where x and y are real numbers. This is called the 
first standard form for a point in the complex plane. 
The second standavd form is 


A = (rcos 0)U @ (r sin 0)J = r(U cos 6 @ J sin 8), 


where 7 is the “ distance ”’ (a positive real number), and @ the 
“angle,” of the point A. 

And now thirdly, we introduce one further definition into the 
rules of the game. Suppose A = zU @ yJ. Compute r and @ 
from r = e* and rad 6 = y, by the ordinary rules of real algebra, 
and construct the point P whose distance is r and whose angle is @. 
‘This point P is called the exponeniial of A, and denoted by e4. 
That is, if we think of y as the radian measure of an angle, then 


erVOn — ¢7(U cosy @ J sin y). 
From this definition it follows that 


 __ eAGs (e4)* —_ ena e-4 = — eZ =e e? = U 


ba) 


just as in the algebra of reals; but also (which is a wholly unexpected 
property), e4*** = e4, so that the exponential is a periodic func- 
tion, with the period 27J. In particular, e’” = — U. 

Now multiplying any point A by e* has the effect of rotating 
the point through the angle ¢ without changing its distance from 
0. Hence if A is any point, with distance r and angle ¢, we may 
write A = re*’. This is the third standard form for a point in the 
complex plane. 

The “‘ logarithm ”’ of a point A is defined as the inverse of the 
exponential of A; but since the exponential is a periodic function, 
the logarithm will be multiple valued. That is, if A is any given 
point, there will be an infinite number of points X such that 
e~ = A. These points will differ by multiples of 27/7; and any one 
of them may be called a logarithm of A. In other words, if 
aU @ yJ = re®*, then 


log (xU @ yJ) = logr @ oJ + 2rnJ. 
Finally, to complete the rules of the game, the ‘‘ trigonometric 


functions ’’ and the ‘‘ hyperbolic functions ” of a point A are defined 


by 
sin A = (e74 — e~4)/(2J), cos A = (e74 @ e~“4)/2, 
sinh A = (e4 — e~4)/2, cosh A = (e4 @ e-4)/2, 


from which definitions, all the usual formulas can be immediately 


deduced. 
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This is the algebra of complex quantities. It includes the 
algebra of reals as a special case; but it is simpler than the algebra 
of reals because all the inverse operations (except division by zero) 
are now possible. In particular, every algebraic equation will 
have a solution in the complex domain. Hence it pays to use the 
complex algebra even in cases where the data of the problem and 
the final results are real. 

If the student, having learned to play this new game, wants to 
mystify the uninitiated, he will doubtless enjoy doing what every- 
body does here, namely, replace the points 0, U and J by the marks 
0, 1 and V¥—1, and then make believe that the equation 
ex¥-1 + 1 = 0 is a mysterious and awe-inspiring relation between 
numerical values. However, when once we know what we are 
talking about, there is no harm in introducing these abbreviations, 
and dropping the circles around the © and ©. It is also customary 
to replace J by 7 or j. 


DIFFERENTIATING THE ELEMENTARY FUNCTIONS IN THE COMPLEX 
DoMAIN 

If w and z are points in the complex plane, a functional relation 
w = f(z) defines a ‘‘ mapping ”’ of the z-plane on the w-plane. Any 
figure in the z-plane will be not only “ stretched ”’ but ‘‘ turned ” 
by the transformation. In the special function w = a + bz, where 
a and b are complex constants, the “‘ stretching” goes on at a 
constant rate, and so does the “ turning,” as a careful study of the 
map will show; and if we denote by dz an arbitrary point to be used 
as an increment added to z according to the rules of the game, then 
the corresponding increment, dw, produced in w will be given by 
dw = bdz. In the general case, w = f(z), the rate of stretching and 
the rate of turning will vary from point to point. In this case the 
differential of w might be defined as the ‘‘ would-be ” increment in 
w, that is, the value which the increment Aw would have if the rate 
of stretching and the rate of turning suddenly became constant. 
lt is probably better, however, to follow the usual practice and 


define the derivative as 
tay we Je + a2) -J@ 
f'(2) = im | = 


Az>0 





and the differential as dw = f’(z)-dz, understanding that inequal- 
ities, in this algebra, apply only to the ‘“ absolute values ”’ (that is, 
the ‘‘ distances ’’) of the points in question. 

In whatever form the proof may be given, the important result 
for the student to remember is that all the familiar rules for dif- 
ferentiation hold good in the complex domain, and that the same 
is true of the formal expansions in series, 
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This is about as far as one can go in an elementary course in 
calculus. The theory of functions of a complex variable, the 
theory of differential equations, and the great fields of mechanics 
and differential geometry, beckon onward. Well equipped with 
the tools of the calculus, in both the real and the complex domain, 
and fully persuaded of the usefulness and the truthfulness of these 
tools, the student should now be able to enter these new fields with 
both confidence and pleasure. 





ENGLISH, CULTURE, AND ENGINEERING * 


By GEORGE S. WYKOFF 


Assistant Professor of English, Purdue University 


A matter of definition and statement of purpose, first. 

Concerning the purpose of teaching English: In an article on 
‘*English, Engineering and Technical Schools,’’ in the June, 1931, 
English Journal (College Edition), Professor J. Raleigh Nelson, 
University of Michigan, offers as the purpose of teaching English 
simply the statement of ideals formulated a decade ago by the 
Committee on English of the Society for the Promotion of Engi- 
neering Education. It is as follows: ‘‘Our objective is identical 
with that of all teachers of English, i.e., to develop the student’s 
ability to express himself both orally and in writing with simple 
effectiveness; to enlarge his fund of ideas, and to increase his 
ability to classify those ideas; and, finally, to create a sincere taste 
for discriminating reading and to develop standards of critical 
judgment.’’ ¢ 

Concerning culture: John C. Tracy, Professor of Civil Engi- 
neering at Yale University, in a recent lecture on ‘‘The Enrich- 
ment of Experience in the Development of the Teacher,’’ said: 
**Most of us associate with a man of culture not only mental culti- 
vation and learning, but also refinement, good taste, good manners, 
and the ability to express himself with power and charm. We like 
to think of him as a gentleman, a man of good breeding, courtesy, 
and kindliness. . . . In the last analysis, culture is rich, varied 
experience.’’ t 

Much might be said of English literature—or at least certain 
phases of it—as a valuable cultural subject for engineering stu- 
dents. 

I wish to limit myself, however, to a discussion of English com- 
position as a cultural subject for engineering students. 

English composition has both a direct and an indirect cultural 
purpose. Certain teachers may emphasize one, certain teachers the 
other, although these two purposes—directly and indirectly eul- 
tural—are never mutually exclusive, but are often emphasized, en- 

* Presented at a meeting of the Purdue Branch, 8. P. E. E. 

+ Pp. 501, 502. 

+ Speech published in THE JOURNAL OF ENGINEERING EDUCATION, Vol. 
XXI (1930-1931), pp. 53-71. Quoted material from pp. 68, 69. 
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couraged, and developed simultaneously. For the present, let us 
consider them as two separate units. 

One purpose of English composition—and, according to some 
teachers, the primary purpose—is to encourage the student to 
think for himself in relation to his environment and his universe, 
what part he has played in it in the past, how it has affected him, 
changed him, developed him, what part he will play in it in the 
future; to encourage him to think of himself in relation to differ- 
ent movements going on about him, such as those dealing with re- 
ligion, polities, science, literature, economics, and the like; to point 
out to him where he may find what others have thought of these 
movements, in order that he may compare and contrast their ideas 
with his own; and, finally, to encourage him to express, both in 
speech and in writing, his ideas on those various subjects 
which he is making a part of his intellectual and emotional 
life. This kind of English composition can be called, I think, di- 
rectly cultural, for it is undoubtedly liberalizing, broadening, 
humanizing; it encourages ‘‘mental cultivation and learning,’’ and 
the ‘‘ability to express oneself with power and charm.’’ It is the 
kind of English composition that cannot be taught according to the 
system proposed recently by the Special Committee on English for 
Engineers at Stanford University, for it needs more or less con- 
stant—not spasmodic—contact between teacher and student; it de- 
mands considerable freedom and variety in the choice of subject 
matter, and not the mere reading of occasional reports for possible 
errors in composition. 

A second purpose of English composition, a purpose which is 
considered by many teachers of English and by others as the sole 
purpose, is that this subject should develop in the student the 
ability to speak and write correctly : that is, his language should be, 
if spoken, free of errors in grammar and diction, if written, free 
also of errors in punctuation and spelling. The usual principles, 
tritely expressed, of unity, coherence, and emphasis, are of course 
included. This is the indirect cultural value of English composi- 
tion, for correct speech and writing are taken for granted in the 
cultivated man—he is expected to possess them; if he does not 
possess them, he is usually classified, despite other cultural quali- 
ties, as being, to some extent at least, illiterate. 

This second purpose, then, of English composition is a vitally 
important one. It needs no defense. It merely needs attainment. 
And the means of attainment are what cause trouble and discus- 
sion: the ineffectiveness of past methods, the proposal of new and 
possibly better methods, such as the one in the Stanford report, 
referred to a moment ago. 

May I offer three suggestions that may help in the attaining of 
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the purpose of making English composition effective, from the point 
of view of correct English ? 

First. The Purdue Committee on Standards of English, in its 
October letter, asked the Faculty to ‘‘assist them in keeping before 
the minds of the students the value of the use of good English in 


? 


all their written work in the University.’’ Should we not go a 
step farther, and keep emphasizing to our students all the time 
the necessity, if only as formative habits, of good English in any 
kind of writing or speaking that they do—on any subject, on any 
oceasion? Many of our students are perhaps inclined to think in 
terms of correct English for the three hours a week they spend in 
English composition during their freshman and sophomore years, 
and for the remaining 165 sleeping and waking hours of each week 
to continue using the language which might best be described as 
Americanese. Our students may know what is correct English, but 
often through haste or carelessness they do not use what is correct. 
Two or three years ago, a Purdue upper-classman—an engineer— 
was reported to the Committee on Standards of English as being 
deficient; the paper that was sent over was, indeed, bad. This 
student, in four courses in Freshman and Sophomore English, had 
received two B’s and‘two A’s. Further writing showed that he 
was ‘not deficient’’ at all; he had simply been exceedingly careless 
in writing an engineering report, to some extent because he was 
unaware that it was being looked at partly from the point of view 
of correct English. Hence, this proposal for continual emphasis to 
students on the value of good English, a proposal which might earry 
more weight from engineering teachers than from English teachers, 
as the students will not be inclined to think an instructor is merely 
attempting to defend and popularize the subject he is teaching. 
Second. If good English is essential for the engineering stu- 
dent, why, one might ask, is it not also essential, where it is not al- 
ready acquired, for the engineering teacher, or, for that matter, for 
any teacher in the university? I ask this question with much 
humility. I ask it, partly because some of our students some- 
times complain of being held to certain standards of correct English, 
saying that their instructors in their other subjects, especially in 
the freshman and sophomore years, use English that is none too 
good. <A student will attach small importance to the statement 
that good English is essential, if the teacher making that state- 
ment is himself continually using poor written and spoken English. 
After all, correct English is not something esoteric, but something 
which can easily be acquired by any one with a little time and eare. 
Is not the teacher obligated, then, if he knows his English is bad, 
to make every effort to improve it? The Stanford report pro- 
poses as a remedy for poor student English the appointment of a 
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ENGLISH, CULTURE, AND ENGINEERING 525 
Professor of Engineering Reports, whose sole duty will be to check 
up on the English of upper-class engineering students. Why should 
one not eo further, and ask why every teacher of engineering 
should not be also a professor of engineering reports, competent 
to guide and instruct, or rather to keep a constant check-up on the 
carrying into effect of the principles of correct English which the 
student should have acquired in his high school or his elementary 
college courses in English? Let the upper-class student who is 
gravely deficient in English receive further training, as at present, 
by the Purdue Committee on Standards of English, or by the 
method about to be proposed. 

Third. Can the English of engineering students—or of any 
students—be improved by raising the standards of requirements 
for attaining credits in English for graduation? Increasing the 
number of failures would be undoubtedly bad. But could one not 
require of every student before graduation six or nine hours’ credit 
in written and spoken English with the grade B? Or could there 
not be a graded system of English offered, the proficient student 
receiving less, the inefficient student receiving more training in 
English? Let the freshman who shows proficiency in English be 
excused with little or no further formal training. Let the sopho- 
more who has managed to make a barely passing mark in English 
be required to take further work in his junior year of one or two 
hours a week, and, if necessary, still further work in his senior year. 
Such a graded system might bring about more satisfactory results. 
It might be worth trying. But even if it is tried, to prevent the stu- 
dent from simply aequiring enough credits in English to fulfill the 
requirements for graduation, and then promptly forgetting all 
that he has learned as far as actual practice is concerned, there 
should have to be kept constantly in mind the two proposals al- 
ready made, namely, encouraging the student to use correct English 
on every occasion, for every kind of writing, and keeping a con- 
stant check-up, through every member of the faculty, on the stu- 
dent’s written and spoken English.* 

* The statement should be made here that the work in English composition 
at Purdue University approximates the plan suggested in this proposal. Poorly 
trained freshmen are segregated, and given a one-semester, non-credit course 
in the fundamentals of English. The average student receives two courses in 
English composition and oe in public speaking during his first two years. 
The composition course for sophomore students is divided into higher and 
lower sections; the higher group receives training more in accord with the 
first purpose of composition expressed in this paper, the lower group with the 
second purpose. The freshman student with superior training is required to 
take only one semester in English composition. Upper-class students who are 
still weak in English receive further guidance from a committee known as the 
Purdue Committee on Standards of English. 















































COOPERATIVE EDUCATION AT THE UNIVERSITY OF 
TULSA 


By R. L. LANGENHEIM 
Dean, Engineering College 


Codperative education, according to the ‘‘Cincinnati Plan,’’ is 
now an established fact in the University of Tulsa, Oklahoma, 
School of Petroleum Engineering, where, in its first year of opera- 
tion, it has successfully survived, as has the young school itself, the 
early growing pains and the difficulties of this protracted period 
of business inactivity and unemployment. 

It was in 1928 that the trustees of the University acted upon 
their realization of the need and opportunity for a school of 
petroleum engineering in Tulsa. Here, in ‘‘The Oil Capital of the 
World,’’ where nearly all of the important oil companies have 
offices, where railways, airways and highways connect this Mid- 
Continent field with all other important oil fields, where the Inter- 
national Petroleum Exposition is held, and where authorities in 
various phases of the industry are easily accessible—here, they de- 
cided was a logical place for such a school. And their purpose was 
to graduate engineers who could meet the needs of the industry in 
the field and to serve the industry by codperating with the various 
companies in training men in research, production, and design, in 
order that they might solve or help solve the problems which are 
ever present. 

It is obvious that, with the field, the companies and the authori- 
ties close at hand, codperative education was the logical, if not the 
inevitable, result of the school’s development. So that, in the spring 
of 1930, the ‘‘Cineinnati Plan’’ was adopted, and preliminary work 
followed throughout the summer leading up to its practical intro- 
duction in September, 1931. Eighty per cent of the first junior 
class of 12 students were immediately placed with the Texas Com- 
pany and the Mid-Continent Petroleum Corporation. It now seems 
that the others will be placed soon, for, as the strain of this trying 
period iessens with the present optimistic trend in oil, continued 
negotiations with the companies promise further codperation. 

The work throughout the school.is based on the theory that 
fundamental principles underlying all engineering work are the 
same for all divisions of the profession; that is, that engineering 
is merely the application of mathematics, mechanics and the 
sciences. With this in mind, the courses are arranged so that, for 
the first three years and most of the fourth, they consist of class- 
room and laboratory instruction in the basic courses. 
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COOPERATIVE EDUCATION AT TULSA 527 


Specifically, the school offers a degree in petroleum engineering, 
with options in geology, production, refining and commerce, each of 
which requires five years to complete. During the first two years, 
the student receives a thorough training in the basic courses of 
mathematies, chemistry, physics and geology. This is followed by 
three years of intensive work in advanced courses in engineering, 
with the application of mechanics and graphic staties, thermody- 
namics, hydraulics, strength of materials and specialization in the 
chosen option. The laboratory and class work are supplemented by 
outside readings, inspection trips to refineries, manufacturing 
plants and oil fields and by codperative work. 

During the first two years, the student observes two semesters 
of instruetion of eighteen weeks each. The remaining three years 
are on the codperative basis, with 22 weeks of instruction, 26 weeks 
of work and four weeks of vacation. 

Although the School of Petroleum Engineering here is young, 
the University of Tulsa is considerably older than the State of 
Oklahoma. The outgrowth of an older secondary school, it became 
Henry Kendall College in 1894 at Muskogee, being moved in 1907 
to Tulsa, where it was incorporated as the University of Tulsa in 
1925. The student body has increased from a score to more than 
1,500, the faculty from seven to almost seventy. The potential 
endowment, which was nothing, is now in excess of $1,000,000, 
and during the past three years, new buildings and equipment cost- 
ing another million have been acquired. 

Among the recent gifts was a petroleum engineering building 
in modified Gothie architecture of gray Colorado sandstone. It 
houses the engineering classes, laboratories, administrative offices 
and the departments of chemistry and geology. There is a large 
central laboratory for general and specific work and class demon- 
strations; also, individual laboratories for specific work, available 
to students and to individuals and companies wishing to work on re- 
search problems. 

In the new MeFarlin Library is kept the technical collection of 
more than 9,000 volumes of government publications, texts, refer- 
ences, periodicals and bulletins of various surveys, organizations 
and institutions. One collection is particularly noteworthy. It 
consist of 6,493 volumes, many of them rare and of great value, 
which were accumulated over a long period of years by Professor 
Solan Shedd of Leland Stanford University. 

So that, with such a broad field to serve and from which to re- 
ceive the assistance necessary to sound growth, the University of 
Tulsa school of petroleum engineering looks toward the consumma- 
tion of its plans with not a little hope for their suecess. It seems 
certain that the codperative plan of education will be responsible in 
a large measure for whatever success does come. 
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Beauty and Design.—‘‘. . . the drawing room is the place where 
this Creative Dreamer and the men who ean imagine things can be 
given the right start. The engineering drawing teacher with his 
trained imagination and power of observation is better equipped 
than the ordinary person for an appreciation of the graphic arts 
and a study of the principles of design upon which they are based, 
and when he has this enrichment of background he will, while 
teaching his students to think and see in space, be teaching them 
to see beauty of form and proportion as well. He will uncon- 
sciously be sowing seeds of art appreciation. For this study of 
design is essentially the study of beauty, beauty of line, beauty of 
shapes and spacings, beauty of mass and color; and the most inter- 
esting mode of approach to it is through the acquiring of a real 
love for the graphic arts.’’ 

‘Design should not be thought of as a rigid or mathematical 
subject, but rather as natural and easy, to be sensed instead of 
proven. It is really based upon just two things; first, the relation 
of the part to the whole, the growth, what the Japanese call ‘the 
life movement’. That’s rhythm. Second, the relation to the 
earth’s surface. That’s balance. The first is spiritual, the second, 
physical, and the real designer must be acutely sensitive to both.’’ 

Proressor THomaAs E. FRENCH 

Readings.—Suggested by Donald R. Dohner, Engineering Art 
Director, Westinghouse Electric and Manufacturing Company; 
‘*Art in the Five Senses,’’ Design, April, 1931, pages 244 and 247; 
‘‘Textile and Metal Design,’’ by Blanch Naylor, Design Magazine, 
April, 1931, pages 260 to 264; ‘‘ Architecture as a Factor in Plant 
Design,’’ by W. R. Fargo, Power Plant Engineering, April 15, 
1931, pages 464-465; ‘‘Importance of Steel and Design in In- 
dustry,’’ Commercial Market, April, 1931, pages 33, 34 and 48; 
‘*Will Criticisms on Machine Age Retard Design Activity,’’ 
Machine Design, March, 1931, pages 23, 24, 25; *‘To Design for 
Specific Market is Good Business Policy,’ ’ Machine Design, March, 
1931, pages 52 and 53; ‘Revolutionary Body Designs,’’ by Edwin 
P. A. Heinze, Automotive Industries, March 14, 1931, pages 432 
and 437; ‘‘We Need Designers,’’ Brick and Clay Record, April 7, 
1931, page 363. 
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NEW MEMBERS 


BowLes, Epwarp L., Associate Professor of Electrical Engineering, Massa- 
chusetts Institute of Technology, Cambridge, Mass. Dugald C. Jackson, 
Carlton E. Tucker. 

BrooKMAN, Haroutp E., Associate Professor of Mechanical Engineering, Uni- 
versity of South Dakota, Vermillion, 8S. D. L. E. Akeley, M. W. Davidson. 

Capy, Louis C., Assistant Professor of Chemistry, University of Idaho, Mos- 
cow, Ida. Ivan C. Crawford, C. L. von Ende. 

CLarK, Davin S., Instructor in Mechanical Engineering, Purdue University, 
Lafayette, Ind. G. H. Young, L. V. Ludy. 

Harcest, WILLIAM J., Instruetor in Mechanical Technology, Pratt Institute, 
3rooklyn, N. Y. S. S. Edmands, R. Burdette Dale. 

Hose, Jonn W., Instructor in Works Management, Carnegie Institute of 
Technology, Pittsburgh, Pa. A. C. Jewett, Roscoe M. Ihrig. 

KNOWLES, RicHarp C., Instructor in Mechanical Technology, Pratt Institute, 
Brooklyn, N. Y. S. 8. Edmands, R. Burdette Dale. 

MACKENzIz, Norton W., Instructor in Mechanical Drawing and Design, Pratt 
Institute, Brooklyn, N. Y. 8S. S. Edmands, R. Burdette Dale. 

PosEy, CursLey J., Instructor in Mechanics and Hydraulics, State University 
of Iowa, Iowa City, Iowa. C. C. Williams, A. H. Holt. 

SLeGEL, Louis, Assistant Instructor in Applied Mechanics, Purdue University, 
Lafayette, Ind. A. P. Poorman, G. F. Buxton. 

Waker, Harry N., Assistant Professor of Electrical Engineering, New York 
University, New York City. Collins P. Bliss, S. K. Barrett. 

102 new members, Dee. 30, 1931. 



























MEMBERSHIP CAMPAIGN FOR 1931-32 


October 5, 1931 


To the Members of the Society: 


Will you secure at least one new member for 1931-32? 

Last year, through the codperation of the members we added 235 new 
members to the rolls of the Society. With your assistance we can exceed 
that number this year. We are enclosing an application blank for your con- 
venience and shall be glad to send you as many more as you may desire. 
If you need a blank before we could get it to you, ask your Dean to let you 
have one of his. We are sending a supply of application blanks to each Dean 
just for emergencies like this. 

Beginning with the November JouRNAL we shall publish the list of insti- 
tutions with the number of members in each and the number of applications 
received from each. We shalt correct this each month thereafter. By this 
method you will be kept informed of the progress your institution is making 
in enrolling its staff in this Society. 

The dues are $5.00 per year. There is no initiation fee and subscription 
to the JoURNAL OF ENGINEERING EpvucATION is included in the dues. Have 
the applicant fill out the blank, make out a check for dues—made payable to 
the S. P. E. E.—secure two sponsors, and return this to the Secretary, F. L. 
Bishop, University of Pittsburgh, Pittsburgh, Pa. We will then present his 
name to the Council for election and notify him as soon as possible. How- 
ever, his subscription, if check for $5.00 accompanies the application, begins 
with the September number of the JOURNAL. 

Trusting we may again have your codperation, I am, 

Cordially yours, 
F. L. BisHop, 
Secretary. 
102 new members added this year. 
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Applica- 
tions 
Mem- Received 
bers after 
Nov. 3, Nov. 3, 
Institution 1931 1931 
Pent, UME. GE 00. vcccces 9 
Alabama Poly. Inst........ 13 
Alabama, Univ. of......... 2 
Alberta, Univ. of.......... 3 
Antioch College........... 2 
Arizona, Univ. of.......... 8 
Arkansas, Univ. of........ 11 
Armour Inst. Tech......... 27 
Beirut, Univ. of (Syria)... . 
Bombay C. E. College..... 1 
Bradley Poly. Inst......... 2 
Brazil-Poly. School of State 1 
British Columbia, Univ. of.. 4 
Brooklyn Poly. Inst........21 
OS eee 3) 
Bucknell Univ......... oo ce 
mame. Univ. of. ....6...% 1 
Butler Univ.......... eidas Oe 
Seen. Suet. Teth.........-. 8 
Oe ae ..15 
ee, Wee. OF BO... 2.200. 6 
Carnegie Inst. of Tech...... | Sena 1 
Case School of Applied Sci- 

SS SLOT EE _ 
Catholic Univ............ 1 
Cincinnati, Univ. of....... ee 
Clarkson College....... 5a 
Clemson College.......... 10 
Coliy College... .......... 1 
Colorado Agri. College..... 6 
Colorado School of Mines. ..10 
Colorado, Univ. of........ 19 
Columbia University.......28...... 1 
Connecticut Agri. College... 1 
Oe 4 re 14 
Cornell University......... 28 
Cornell College........... 1 
Dartmouth College........ 4 
Deyton, Univ. of .......... Beant 1 
Delaware, Univ. of........ 8 
rr 2 
Denver, Univ. of.......... 1 
Detroit University........ 14 
Drexel Institute........... 8 
pee UM... 6.5 ss ae 
Duluth Jr. College......... 2 
Ecole Polytechnique. ...... 7 
ere 1 
Escuela Centrale de Ing. Ind. 1 
Evansville College......... 3 


MEMBERS IN ENGINEERING SCHOOLS AND COLLEGES 


Applica- 
tions 
Mem- Received 
bers after 
Nov. 3, Nov. 3, 
Institution 1931 1931 
LS re 12 
Pilovida, Univ. Of ..5.5....0% rf 
Franklin and Marshall..... 1 
Franklin Union........... 2 
Fresno Teachers College.... 0...... 1 
General Motors Inst........ 5 
George Washington Univ... 3 
Georgia Inst. of Tech.......15 
Gettysburg College........ 2 
Ghent. Wnty. OF. ...... 6.050% 1 
Girard College... . 7 1 
Harvard University....... 16 
Haverford College......... 2 
Hiawwelh, Waly. OF... o..cc0ss 3 
ee 3 
Idaho. Univ. of... 6.2 : | 
Illinois, Univ. of......... 54 
ee 1 
Iowa State College....... 38 
Iowa State University......23...... 2 
James Millikan Univ....... 2 
John Tarleton Agri. College. 1 
Johns Hopkins Univ........ 3 
Joliet Jr. College.......... 1 
Kansas State College.......42...... 1 
Kansas, Univ. of.......... 18 
Kentucky, Univ. of........ 10 
Lafayette College......... _ ee 2 
Lawrence College......... 1 
RR Cs oo ee ceewees 15 
Leningrad Poly. Inst....... 1 
ee ee errr 1 
La. Industrial Inst......... 1 
La. Southwestern Inst...... 2 
Ta. Biate Umi¥.. 2... 0668s. 2 
Louisville, Univ. of........ 16 
Eset, POWs. CF... cc ccawude 1 
OO re 
Manhattan College........ 7 
Marine Union Jr. College... 1 
Marquette Univ........... 10 
Marshall College.......... 1 
Maryland Univ. of........ 1 
Mass. Agri. College........ 1 
Mass. Inst. Tech........... ee 
eS eee 9 
Mechanics Inst............ 2 
Mercer College............ 1 
Mexico, Univ. of.......... 2 


Michigan College Mines.... 5 
































































532 MEMBERS IN 
Applica- 
tions 
Mem- Received 
og’ 
Nov. 3, Nov. 3 
Institution 1931 193 ‘ 
Michigan, Univ. of........ 47 
Michigan State College.....11 
Minnesota, Univ. of...... :. See 1 
Mississippi A. & M......... 4 
Missouri School Mines... . .10 
Missouri, Univ. of...... Ace 1 
Modesto Jr. College....... 1 
Montana School of Mines.. . 11 
Montana State College..... 3 
Mt. Allison Univ........... 2 
Nanking Tech. College. . 1 
Nebraska, Univ. of........ 24 
Nevada, Univ. of........ 3 
Newark College of Eng... . .13 
New Hampshire, Univ. of.. .11 
New Mexico A. & M.... 3 
New Mexico School Mines.. 1 
New Mexico, Univ. of...... 3 
New York, College of City.. 7 1 
New York Univ........... 18 l 
North Carolina State College 9 
North Carolina, Univ. of. ..11 
North Dakota, Agr. wr 3 
North Dakota, Univ. 4 
Northeastern Univ......... 20 1 
Northwestern Univ........ 7 
Notre Dame, Univ. of...... 1 
Norwich Univ.......... a 
Nova Scotia Tech. College.. 1 
Cie Ive. Waie.......%.....0. 2 
Ohio Mechanics Inst....... 2 
Ohio State University..... .: 56 
Ohio University........ pate 
Oklahoma A. & M...... ee 
Oklahoma, Univ. of........ 7 
Oregon State College.......16 
Oregon Inst. Tech......... 
Pasadena Jr. College....... 4 
Pei Yeng Univ.. Sere 
Penna. Military College. ese 
Penna. State College.......37 
a a Se 15. l 
Philippines, Univ. of...... 1 
Pittsburgh, Univ. of.......26 
Porto Rico, Univ. of....... 3 
*Pratt Institute....... — Ser 4 
Princeton University.......12 
Purdue University........ Oe sscks 3 
Rensselaer Poly. Inst.......13 
Rhode Island State College. 5 
Rice Institute............. 7 
Rindge Tech. School....... ] 
Riverside Jr. College....... 1 
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Rochester, Univ. of. . eh ae 
Rose Poly. Inst... . . See 
Rutgers Univ... .. .14 
St. Thomas, College of. Rehan 1 
Santa Clara, Univ. of...... 1 
Saskatchewan, Univ. of..... 2 
South Carolina, Univ. of.... 1 
South Dakota School Mines. 11 
South Dakota State Coll.. 2 
South Dakota, Univ. of.... 3.. 1 
Southern Methodist Univ... 5 
Stanford University 14 
Stevens Inst. Tech... .. 13 
St. John’s Univ......... a, 
Swarthmore College...... 6 
Syracuse Univ.............14 
Tangshan Univ...... 1 
Tennessee Poly. Inst. of . 2 
Texas Agri. College...... 3 
Texas A. & M...... ee 
Texas College of Arts...... 1 
Texas College Mines. . . iain 
Texas Tech. College...... 14 
co ere 12 
Toledo, Univ. of.......... 4 
Toronto, Univ. of......... 9 
Trinity College........... 1 
Tufts College....... ; 18 
Tulane University...... a 
(oe Oe eee 1 
Union College........ ~<80 
U. S. Military Academy.... 3 
U. S. Naval Academy...... 7 
Utah Agri. College......... 2 
OE a 9 
Valparaiso Univ........... 1 
Vanderbilt University. ..... 5 
Vermont, Univ. of......... 10 
Villanova College......... 1 
Virginia Military Inst...... 7 
Virginia Poly. Inst......... 15 
Virginia, Univ. of......... 13 
Washington State Coll...... 9 
Washington Univ. 

RS reas eee __ See ee 3 
Washington, Univ. of...... 16 
Wentworth Institute....... 5 
West Virginia Univ........ 10 
Wisconsin, Univ. of........ 34 
Worcester Poly. Inst.......27 
Wyoming, Univ. of........ 7 
Yale University........... 38 
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Return to the Secretary, F. L. Bishop, University of Pittsburgh, Pittsburgh, Pa. 


Society for the Promotion of Engineering Education 
PE casapianiceeoseheenees 
THE UNDERSIGNED desiring to become a member of 
THE SOCIETY FOR THE PROMOTION OF ENGINEERING 
EDUCATION 


hereby agrees to conform to the requirements of membership, if elected and 
submits the following: 


STATEMENT OF QUALIFICATIONS 


ee | TOT CUT TTUTEE Te TELE Lat 

Print Last Name First Middle 
Mailing Address (Namber Gnd BtrGct) ..< ooo. ccdicscceccsciesecsecviocesnwese 
is rs CLM MOND. 4 :<cine oods.cicesvedineS Oks Sess seen See e paebe's sie 
Full Title of Professional Position. ......iicccssecsesccvccccseescosoeseses 

(Title) (Department) 

ee ee POTEET LET ee 
(To be Signed by Two Sponsors) ... 2.0 .ssccsoccvccsvcssccscccessessess 


SPONSORS 




























SECTIONS AND BRANCHES 


A meeting of the Newark College of Engineering Branch of 
the Society for the Promotion of Engineering Education was held 
on December 17th in the Gilbreth Memorial Room. Professor Ent- 
wisle, Chairman of the Section, presided. 

President Allan R. Cullimore honored the meeting with a very 
inspiring and instructive address on the ‘‘Philosophy of the 33- 
Hour Week.’’ After reminding those present that they had the 
machinery and the program and the organization to carry on the 
work as outlined, he said that its ultimate success was, of course, 
dependent upon the individual’s philosophy of life, and the theories 
which he held concerning the functicns and the technique of edu- 
eation. 

A full discussion of the general philosophy of education was 
impossible within the limits of time set, and for this reason he 
touched only one or two particular phases of that philosophy which 
seemed to him especially pertinent, and valuable; touching a 
lengthened week in the case of a technical college which stresses as 
the Newark College of Engineering does the operation and man- 
agement functions of engineering. He pointed out that the first 
suggestion concerning a longer week came from the parents, and 
came because of a definite feeling on their part that home work in 
the amount made necessary by our curriculum interfered very 
seriously with the normal social and physical development of their 
sons. Mr. Cullimore felt that in the main their feelings were based 
on fact and deserved serious consideration at the hands of edu- 
eators. 

President Cullimore compared the methods adopted in our own 
33-hour week with the methods in vogue in engineering and in- 
dustrial life. It seemed, he said, as if the College of Engineering 
was the only engineering organization which asked its workers to 
take a considerable part of their work home, and to do it after the 
manner of the ‘‘sweatshop’’ outside of the environment and con- 
trol of the organization. It seemed to him that an attempt to 
control to some extent the preparation of the work and the solution 
of problems usually given at home was a reasonable way toward 
more efficient and enlightened work. 

President Cullimore also said that it was not his idea to intimate 
that colleges lack responsibility toward the physical and social de- 
velopment of their students; in fact he stated it was his belief that 
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at the present time the greatest value of the college course was its 
broadly social value, using ‘‘social’’ in its broadest implication. 

President Cullimore discussed at some length the necessity of a 
proper theory or method of attack concerning the problem of how 
to make a man think, and pointed out that a discussion of the funda- 
mental theories concerning thought or reflection is very difficult. 
But he believed the first step toward the stimulation of thought in 
the student was a clear idea, or at least a clear theory, as to how 
thought or reflection proceeds. He further voiced the opinion that 
it was perfectly possible to perhaps stimulate this power in the stu- 
dent, and at any rate from a negative sense the teacher could in- 
erease the efficiency of the process very materially by preventing 
the student from wandering far from the point at issue. He 
stressed strongly the idea of some control over the process of learn- 
ing and characterized the lack of control exercised over the so- 
called ‘‘home work’’ as one of the inefficient factors in education. 

President Cullimore’s splendid address was highly appreciated, 
full report of which follows: 

Paut E. ScHWEIZER, 
Secretary. 


COLLEGE NOTES 


Michigan College of Mining and Technology.—The first winner 
of the Alfred Noble prize honoring the American civil engineer is 
Corbin T. Eddy, assistant professor and head of the physical metal- 
lurgy division in the department of metallurgy and ore dressing at 
the Michigan College of Mining and Technology. 

The award goes to the engineer under 30 years of age whose 
paper is deemed the most valuable of those published in the journals 
or transactions of the American Institute of Mining and Metal- 
lurgical Engineers, the American Society of Civil Engineers, the 
American Society of Mechanical Engineers, the American Insti- 
tute of Electrical Engineers, and the Western Society of Engi- 
neers. The recommending committee is composed of members of 
the groups referred to above. Formal presentation of the award 
will take place at the annual meeting of the A. I. M. M. E. in New 
York City in February. 

‘Arsenic Elimination in the Reverberatory Refining of Native 
Copper,’’ the prize-winning article, was delivered before the 1931 
A. I. M. M. E. gathering. 




































BOOK REVIEWS 


The Airplane. By Frepertck Bepe.t. Published by Van Nos- 
trand Co. 


The text, a generalized and simplified study of theory of flight, 
stability, performance, aircraft engines, and aircraft instruments, 
contains 328 pages, 31 pages in a glossary of aircraft terms, and 
169 illustrations. 

The book, due to its simplicity and lack of higher mathematies 
and higher mechanics, is ideally suited for what might be termed 
basie or ground school courses; however, for the same reason, it is 
not well suited for aeronautical courses in colleges or universities. 

‘The Airplane’’ should probably enjoy favorable reception in 
the class rooms of the better ‘‘basie’’ or ‘‘ground schools’’ or even 
in some of the more advanced high schools that offer courses in 
aeronautics. 


eS 


Science in Action. By Epwarp R. Werpuein AND WILLIAM A. 


Hamor. 310 pages, 32 illustrations. MeGraw-Hill Book Com- 
pany, 1931. 


The story of industrial research, its growth and development, 
is presented in this book in such an interesting and readable man- 
ner that even the layman can grasp the importance of research to 
humanity and commerce. It gives the groundwork of industrial 
research ; the past and present condition; science and human wel- 
fare; science in industries; science, the pilot of technology; scien- 
tifie management and rationalization; and industrial-research 
methods and men. It describes scientific research of all types. It 
presents suggestions regarding the organization and direction of 
industrial research, including the selection of laboratory workers. 
The plant operator who desires to better the commercial practices 
of his company will find it a source of inspiration. 

The book used as collateral reading will be found very useful 
for the engineering and scientific student giving him a vision of 
the future and the possibilities awaiting him in his profession. 


F. L. B. 








